THE 

lADASTRAL  SURYEY  OF  ECtTPT 

'  BY 

Captain  H.(.;.  t.yons.  F.R.S.. 


Price :  400  milliemes. 


CAIRO: 


NATIONAL    PRINTING  DEPARTMENT, 
190«. 


Columtita  tHnibersiitp 
in  rtje  Citp  of  jScko  gorfe 


LIBRARY 


MiNlSTKY 


OF  FINANCE,  EGYPT. 
ID  E  :E> -A.  IS  T      E  3Sr  T . 


THE 

CADASTRAL  SURVEY  OF  EGYPT 

±89a-±90'7. 

Cavtaix  H.  G.  LYONS,  F.R.S., 

Hon.  n.Sc.  (Oxon.),  Hon.  Rc.T).  (Dubl.), 
DiRECTOE-GrENEBAI.. 

Price :  400  milliemes. 


(JAIKO  : 

NATIONAL    PRINTING  DKPAKTMKNT, 
J  908. 


Imp.  Nat.  JOii-lStOS-ToO  broch. 


3 


CONTKNTS. 


^  Page. 


Chapter    I. — Introduction   1 

II. — The  Geographical  Conditions    ll] 

ril. — Units  of  Length  and  Area   32 

IV. — Land  Survey  before  the  19th  Century    47 

V. — The  Classification  of  Land   58 

VI.— Land  Survey,  1800-1877    68 

Vfl.— The  Cadastre  of  1878-1888   77 

..     VIII.— The  Hydrographical  Survey  of  1889-1.S9.S    lO.'] 

rX.— State  Lands  Survey,  1891-1896   107 

X.— General  Account  of  the  Cadastral  Survey,  1897-1907  ...  12:5 

XL— The  Standards  of  Length    150 

,.      XII. — Base  Measurements    173 

.,  XIII.— Triangulation   193 

..  XIV.— Theodolite  Traverse    210 

XV.— Computation  (by  Mr.  J.  L  Craig)    227 

..  XVI.— The  Chain  Survey   305 

..    XVII. — Land-Registers    345 

..  XVIII. — Reproduction,  Storage,  Distribution,  and  Sale  of  Maps...  359 

XIX. — Further  Development  of  the  pre.'^ent  Cadastral  Survey...  368 


APPENDICES. 

I. — Decrees,  etc   387 

II. — Certificates  of  Standards  of  Length    39i) 

1 1 1.— Glossary  of  Words  and  Terms    405 

I  v.— Conversion  Tables    407 

V. — Numbers  of  Villages  of  which  the  old  Land-Registers  exist  in  the 

Government  archives   410 

Index   411 


LIST  OF  ILLUSTRATIONS. 


Pago. 


Plate       T. — Ancient  land-measurers  at  work  (Thebes)   48 

,,        TI. — Ancient  land-measurers  at  work  (Thebes)    5() 

„  III. — Statue  of  the  Priest  Par-en-hor  (Abydos)    52 

,,       IV. — The  4-metre  Briinner-Ibaflez  Bar   154 

•  .,        V. — The  Comparator  Houses  at  Helwan  Observatory   15() 

.,  VI. — The  plan  and  section  of  the  4-metre  Comparator  House  ...  1.5S 

.,      VIT. — The  4-metre  Comparator   160 

„    VTII. — Details  of  the  4-metre  Comparator    162 

,,       IX. — Details  of  the  Standard  Bars   164 

.,        X. — The  4-metre  Comparator  in  position    1  fiti 

,,       X  r. — ^The  Plan  of  the  24-metre  Comparator  House    168 

,.      XII. — Interior  View  of  the  24-metre  Coinpaiiitor  House    17U 

..  XIII. — Jaderin  Wires  in  use  in  the  Desert    172 

XIV. — Graphical  Method  of  Reduction  of  an  Angle  to  the  Centre.  256 

„     XV. — Location  of  bad  Observations  in  Triangulation    280 

„    XVT. — Location  of  bad  Observations  in  Traverse    28t; 


LIST  OF  PLANS. 


AT  END. 


1. —  \Ia]i  <.r  Effvpj,  ^liowiiiK  I'loviiicf-  and  1  »i.sti  iels ;  si-iile,  h  .H.OtHl.lMHI. 
II. — A  portion  ol'  tlic  Iklir  el  Sohajria  :  scale.  1:  50.(KH). 

III.  — A  )K)iHon  of  tlic  Balir  Yusel' :  scale.  1:  od.OOU. 

IV.  — Cross-sections  ot'  the  Nile  Valley  in  Egypt. 

V. — Natural  andartificial  water-channels  in  the  Delta (QaliubiaProvince): 
scale,  1:  20,000. 

AM. —  Land  in  the  Fayuni  and  land  under  reclamation  in  the  Northern 
Delta;  scale,  1:  20,0<.)0. 

VII. — Water-channel,  silted  nji  hut  indicated  by  the  arrangement  of  plots; 
scale,  1:  5,000. 

VIII. — Cadastral  maps  howing  the  irregular  arrangement  of  plots  in  the  basin 
land  of  Sohag  District;  scale,  1:  5,000. 

IX. — A  portion  of  the  NileValley  nearFarshut, showing  the  North  and  South 
used  as  equivalent  to  downrstreani  ;ind  (i])-stream  ;  scale.  1:  oO,0(Xl. 

X. — A  portion  of  the  Village  of  Haragia,  in  Qus  district,  showing  the  in- 
termixed holdings  of  Moslem  and  (,"optic  i)roprietors ;  scale,  1:  5,000. 

XI. — A  portion  of  the  Nile  Valley  near  Esna.  showing  villages  extending 
from  river  to  desert ;  scale,  1:  50,000. 

\1I. — A  portion  of  the  Nile  Valley  near"Qus,  showing  the  scattered  groups 
of  buildings  on  the  desert  margin  ;  scale,  1:  50,000. 

XITT. — A  portion  of  the  Nile  Valley  near  ftirga,  showing  long-shaped 
villages  :  scale,  1 :  50,000. 

XIV. — A  portion  of  the  Nile  Valley  near  Farshut,  showing  villages  with 
interlacing  boundaries  ;  scale,  1:  50,000. 

XV. — A  cadastral  map  sheet  of  the  Village  of  El  Amar  el  Kubra,  showing 
classes  of  land;  sc^le  1:  5,000. 

XVI, — Cadastral  map  sheet  of  the  Village  of  Wania  el  Sharqia,  showing 
the  arrangement  of  "hods"  and  plots  in  a  village;  scale,  1:  5,000. 

XVIT. — A  map  showing  the  area  surveyed  by  the  Cadastre  of  1878-1888  ; 
scale,  1:  1,000,000. 


XVIll. — A  portion  o£  the  map  of  the  Village  of  Kafr  Ellem,  surveyed  in  1681 ; 
scale,  1:  4,000. 

XIX. — A  district  map  compiled  from  the  cadastral  maps  of  1880  (compare 
Plan  V);  scale,  1:  40,000. 

XX. — A  mnp  showinji'  the  area  surveyed  by  State  Lnnds  and  Revenue 
Surveys  1892-18U7;  scale,  1:1,000,000. 

XXI.— A  portion  of  tlio  Village  of  El  Menaga  surveyed  in  L6'J2;  scale,  1:  8,00(». 

XXI  a.— A  i)<)rti()n  of  tlie  Village  of  El  Menaga  surveyed  in  1908;  scale,  1:  5,000. 

XXn.— A  iiortion  of  the  Villag<>  of  El  Adlia  surveyed  in  1892  by  the  State 
lijinds  Survey;  scale.  1:  H.OOU. 

XXIII.  —  I-)ia<!r:iin  of  second  order  triangulation  ;  scale,  1:  ii,000,O(iU. 

XXIV.  — A  portion  of  Qaliub  District,  showing  triangulation  and  traverse 

points  ;  scale,  1 :  20,000. 

XXV. — Conventional  signs  used  on  Cadastral  Maps. 

XXVI. — A  portion  of  the  Village  of  El  Lahun,  Fayum  Province,  showing 
long  plots ;  scale,  1 :  5,000. 

XXVII. — A  portion  of  the  Village  of  Agamiyin,  Fayuni  Province,  showing 
irregular  plots  and  palm  groves ;  scale,  1:  5,000. 

XXVIII. — *  Field-sheet  containing  a  portion  of  the  Village  of  Kafr  Nishwa  in 
Miniet  el  Qamh  District ;  scale,  1 :  2,500. 

XXIX.— *Printed  copy  of  Plan  XXVITT ;  scale,  1:  2,500. 

XXX. — Specimen  of  corrected  Cadastral  Map,  Geneva. 


*  These  two  Plans  will  be  found  in  pocket  on  the  inside  of  cover  at  end  of  volume. 


THE  CADASTRAL  SURVEY  OF  EGYPT. 


CHAPTER  I.  ' 
Introduction. 

In  June,  1907,  the  maps  and  land-registers  of  the  last  villages  of  the 
province  of  Beni  Suef  were  forwarded  to  the  Ministry  of  Finance, 
thus  completing  the  Cadastral  Survey  of  Egypt,  which  had  com- 
menced in  1892  as  a  survey  of  State  lands  and  developed  into  a  revenue 
survey  in  1896,  becoming  very  shortly  afterwards,  to  all  intents  and 
purposes,  a  cadastral  survey  carried  out  with  a  technical  accuracy 
comparable  to  that  of  similar  surveys  in  Europe.  The  whole  of  the 
cultivable  lands  of  Egypt  (except  the  distant  Oases)  had  been  surveyed 
and  land-registers  recording  the  area  and  ownership  of  each  property 
had  been  prepared ;  the  maps  were  at  first  drawn  on  the  scale  of 
1 :  4,000,  but  after  about  one-third  of  the  area  had  been  finished,  the 
extreme  subdivision  of  the  holdings  in  the  more  fertile  districts  necessi- 
tated the  adoption  of  a  larger  scale  and  the  remainder  of  the  country 
has  been  surveyed  on  the  scale  of  1  :  2,500.  All  these  maps  have  been 
printed  by  lithography  and  published,  except  those  of  the  provinces  of 
Sharqia  and  Beheira,  which  were  surveyed  before  the  present  methods 
were  fully  developed,  and  which  are  since  being  revized  and  published 
on  the  scale  of  1  :  2,500,  Sharqia  province  being  just  completed. 

Surveying  has  been  carried  on  in  Egypt  to  a  considerable  extent 
during  the  last  ninety  years,  and  the  work  of  Muallim  Ghali  and  M. 
Masi,  1813-1822,  of  Mahmud  Pasha  el  Falaki,  1861-1874,  of  the 
Cadastre  of  1878-1888,  of  the  Hydrographical  Survey  of  1889-1898, 
amount  to  a  total  of  some  forty  years'  work  on  the  geographical 
measurement  of  the  country  before  the  Cadastral  Survey,  which  has 
just  been  completed,  commenced.  That  more  permanent  results 
were  not  obtained  from  them  is  mainly  due  to  a  want  of  scientifically 
organized  control  and  supervision,  so  that  inferior  work  was  not 
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detected,  and  the  standard  of  accuracy  was  allowed  to  fall  below 
that  which  was  necessary  in  so  densely  populated  a  country.  The 
circumstances  of  the  time  have  usually  been  responsible  for  this,  and 
want  of  funds,  urgent  demands  for  maps  to  be  prepared  within  a 
minimum  length  of  time  and  other  similar  causes  led  to  much  repeti- 
tion of  work,  without  producing  reliable  maps  of  the  country. 

During  the  time  that  the  present  Survey  Department  has  been 
engaged  in  measuring  the  cultivable  lands  of  Egypt,  much  incon- 
venience has  been  experienced  from  the  want  of  any  complete  account 
of  these  earlier  surveys.  It  would  have  been  of  incalculable  benefit  if 
we  had  known  what  our  predecessors  had  done,  the  methods  they  em- 
ployed, the  difficulties  they  encountered,  and  the  expedients  they 
adopted ;  but  none  of  these  nor  even  the  cost  of  their  work  were 
ascertainable.  There  is  always  much  to  be  learned  from  studying  the 
past  stages  in  the  development  of  any  science,  for  as  we  trace  the 
causes  which  have  operated  on  its  gradual  growth  we  learn  how  and 
in  which  direction  future  progress  may  best  be  made.  The  more  com- 
plete our  knowledge  is  of  the  work  which  has  been  done  in  the  past, 
the  easier  will  it  be  to  avoid  the  repetition  of  any  mistakes  which  our 
predecessors  may  have  made,  and  to  introduce  improvements  in  future 
work.  The  physical  character  of  a  country  changes  but  slowly,  and, 
therefore,  the  problems  to  be  solved  by  the  surveyor  long  remain 
essentially  the  same,  so  that  there  is  more  than  an  academic  interest 
in  collecting  and  discussing  the  methods  employed  in  former  times, 
however  superior  the  present  system  may  seem  to  be.  When  the 
formation  of  the  Survey  Department  was  undertaken  in  1898,  no 
complete  account  existed  of  the  work  of  this  kind  which  had  been 
previously  undertaken.  References  to  it  existed  in  various  reports, 
but  the  detailed  information  concerning  the  methods  employed,  their 
cost,  the  recruiting  and  training  of  staff,  and  relative  value  of  different 
ways  of  executing  the  work,  was  not  available.  There  was  no  time 
then  to  undertake  its  compilation,  but  had  such  a  work  existed,  subse- 
quent work  would  have  been  greatly  expedited  and  facilitated,  and  a 
considerable  economy  would  have  resulted.  Even  the  maps  which 
had  been  made  only  existed  in  a  few  cases,  so  that  all  had  to  be 
recommenced  and  experience  alone  could  show  gradually  which  of 
the  methods  employed  in  other  countries  could  be  most  suitably 
adapted  to  the  local  conditions  of  Egypt. 


Surveying  is  too  often  considered  to  consist  of  a  set  of  rules  which, 
if  carefully  followed,  will  produce  a  map  of  the  necessary  accuracy. 
A  code  of  regulations,  a  selected  text-book,  a  staff  of  surveyors  trained 
to  execute  certain  work  in  a  certain  way — ^these  are  frequently  believed 
to  be  all  that  is  necessary  to  produce  a  satisfactory  survey.  But 
surveying  is  a  science,  and,  like  other  sciences,  its  students  must  not 
only  be  acquainted  with  the  methods  which  have  been  found  useful, 
but  must  thoroughly  understand  the  principles  on  which  the  methods 
are  based,  and  modify  them  to  suit  any  special  conditions  which  may 
occur.  The  surveyor  must  have  a  thorough  knowledge  of  the  science 
of  geography  if  he  is  to  produce  the  best  results,  and  the  geographer 
who  does  not  understand  the  principles  of  surveying  will  make  but  an 
imperfect  use  of  his  maps. 

The  present  report  aims  at  recording  in  considerable  detail  the 
progress  of  the  work,  with  such  statistical  information  as  may  be 
instructive  to  surveyors  both  in  Egypt  and  elsewhere.  At  the  same 
time  I  have  not  limited  myself  to  a  bare  technical  account  of  these 
fifteen  years'  work,  because  the  circumstances  under  which  it  has  been 
done  are  to  some  extent  peculiar,  and  are  so  far  removed  from  the 
usual  European  practice  that  a  full  discussion  of  them  may  be  of  use 
to  a  wider  circle  than  workers,  in  Egypt  alone.  The  geographical 
conditions  are  peculiar,  and  as  these  were  necessarily  the  dominant 
factor  in  determining  the  detailed  methods  which  were  adopted,  they 
are  described  fully.  Land  measurement  of  some  accuracy  has  existed 
in  Egypt  for  5,000  years  and  more,  so  that  the  customs  of  to-day  are 
the  descendants  of  a  long  line  of  predecessors,  and,  it  may  be  added, 
they  show  remarkably  few  signs  of  modification. 

licaving  the  geographical  factors,  we  come  to  the  political  ones, 
which,  unfortunately  for  the  surveyor,  have  often  the  greater  weight 
in  deciding  the  way  in  which  a  survey  has  to  be  carried  out ;  and  in 
the  present  case  they  were  no  more  conducive  to  the  most  favourable 
technical  conditions  of  work  than  is  usually  the  case. 

The  re-assessment  of  the  land-tax  was  of  primary  importance,  since 
as  a  result  of  the  local  administrations  having  been  practically  uncon- 
trolled for  many  years,  the  rates  of  tax  imposed  did  not  in  many  cases 
correspond  with  the  fertility  of  the  land,  and  when  the  Commissioners 
of  the  Public  Debt  granted  a  sum  of  L.E.  216,000  annually  for  ten 
years  from  1898  to  compensate  the  Government  for  reducing  the 
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land-tax  by  this  amount  on  land  where  the  rates  were  excessive,  it 
became  possible  to  readjust  the  rate  of  tax  so  as  to  remove  the  existing 
inequalities.    The  Commissioners  who  investigated  the  financial  con- 
dition of  the  country  in  1878-1879  had  laid  great  stress  on  the  necessity 
for  this,  and  an  attempt  was  made  to  deal  with  the  matter  by  instituting 
the  Cadastre  of  1878-1888,  but  its  work  did  not  get  as  far  as  a  re-assess- 
ment of  the  land-tax.*    In  1895,  however.  Commissions  were  appointed 
to  assess  the  rental  value  of  all  lands  on  which  fixed  rates  of  tax  were 
being  paid,  but  the  re-assessment  of  the  tax  to  be  paid  by  each  land- 
owner could  not  be  taken  up  until  the  limits  of  the  village  lands  and 
their  subdivisions — "  hods  " — had  been  mapped  as  well  as  the  proper- 
ties belonging  to  each  individual.    Some  seven  million  feddans  of 
agricultural  lands  had,  therefore,  to.  be  measured,  each  holding  had  to 
be  located,  its  area  determined  and  the  owner  recorded,  in  a  country 
where  land  was  highly  subdivided — for  the  average  size  of  half  the 
holdings  was  but  half  a  feddan — and  in  which  the  boundaries  between 
properties  were  seldom  indicated  by  any  visible  marks.    By  1897 
about  one-third  of  the  country  had  been  measured,  so  that  nearly  five 
million  feddans  had  to  be  completely  mapped  and  recorded  within  a 
period  which  had  been  arbitrarily  fixed  at  ten  years,  since  the  infor- 
mation then  available  did  not  admit  of  a  reliable  estimate  being  made. 
The  demands  made  upon  the  Survey  were  not  only  that  work  should  be 
pushed  on  at  as  high  a  rate  as  possible,  but  that  two  provinces  should 
be  finished  and  ready  for  the  re-assessment  of  their  land-tax  annually. 
To  complete  this  task  when  the  provinces  varied  greatly  in  area,  when 
local  authorities  might  or  might  not  assist  cordially,  when  the  inhabit- 
ants of  a  province  might  be  disinclined  to  facihtate  the  work,  when 
the  removal  of  survey-marks  might  retard  the  survey  of  a  village  for 
weeks,  meant  the  introduction  of  a  number  of  unknown  factors  into  a 
problem  already  sufficiently  complicated  ;  at  the  same  time  the  work 
was  being  improved  in  technical  accuracy  and  modifications  were  being 
introduced  to  guard  against  errors  as  far  as  possible.    Since  time  was, 
under  these  conditions,  the  factor  of  most  importance,  everything  had 
to  be  arranged  so  as  to  ensure  as  large  an  out-turn  as  possible  in  the 
twelve  months  and  to  make  allowance  for  any  unforeseen  delays  while 
still  completing  the  two  provinces  required  within  the  allotted  time. 


•  See  Cliapter  VII. 
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The  annual  grant  was  increased  to  admit  of  additional  staff  being 
employed,  as  the  work  was  greatly  hindered  in  Upper  Egypt,  where 
the  land  lay  under  the  waters  of  the  inundation  for  nearly  three  months, 
and  where  measiirements  in  the  field  were  consequently  impracticable 
from  the  middle  of  August  to  the  middle  of  November.  Only  by 
working  at  high  pressure  and  by  adopting  every  device  which  might 
save  time  was  the  work  completed  within  the  term  specified. 

This  period  corresponded,  too,  with  one  of  rapid  expansion  in  many 
Government  departments,  so  that  no  little  difficulty  was  experienced 
in  obtaining  employees  who  possessed  any  but  the  most  elementary 
education  ;  in  fact,  ability  to  read  and  write  Arabic  ^nd  to  do  simple 
arithmetic  were  the  only  qualifications  demanded  of  those  who  were 
recruited  for  training  as  land-measurers.  All  these  were  Egyptians, 
and  several  English  inspectors  to  direct  and  supervise  were  the  only 
Europeans  employed  in  the  work  of  the  chain  survey.  A  few  Euro- 
peans were  employed  in  the  Central  Computation  Office,  and  others  in 
the  Drawing  Office,  where  the  preparation  of  topographical  maps  on 
scales  of  1  :  10,000  and  1  :  50,000  was  carried  on,  but  the  whole  of 
the  cadastral  field  work,  the  minor  triangulation,  the  .autographic 
reproduction  of  the  cadastral  maps,  and  most  of  the  computation  was 
carried  out  by  Egyptian  employees  under  the  English  inspectors. 

These  special  conditions,  though  greatly  increasing  the  difficulties 
of  carrying  out  a  satisfactory  survey,  certainly  make  the  problem 
more  interesting  for  the  professional  surveyor  as  introducing  factors 
which  are  likely  to  be  often  met  with  in  new  areas  where  lands  are 
developing  in  quality  or  agriculture  is  advancing  rapidly.  In  the 
present  case  there  was  the  further  complication  of  a  dense  population 
and  highly  subdivided  land. 

The  problem  may  be  stated  as  follows  : — To  carry  out  a  cadastral 
survey  of  about  seven  million  feddans  (about  2,900,000  hectares)  of 
land  which  was  so  subdivided  that  more  than  40  per  cent,  of  the 
holdings  were  under  half  a  feddan  (2,100  square  metres)  and  to 
prepare  the  land-registers ;  to  do  this  at  the  rate  which  varied  from 
500,000  to  800,000  feddans  annually  according  as  larger  or  smaller 
provinces  were  being  surveyed ;  to  keep  errors  both  of  measurement 
and  registration  as  low  as  possible,  although  no  legal  powers  existed 
to  compel  landowners  to  be  present  and  indicate  their  boundaries ; 
many  owners  did  not  live  in  the  villages  where  their  lands  were 
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situated  and  their  representatives,  usually  their  tenants,  had  frequently 
an  interest  in  giving  incorrect  information. 

The  very  elementary  educational  equipment  of  the  surveyors 
necessitated  subdividing  the  work  so  that  a  man  could  be  quickly 
taught  the  amount  of  surveying  which  it  was  necessary  for  him  to 
know,  and  at  the  same  time  the  checking  and  control  should  be  made 
as  efficient  as  possible.  This  was  not  attained  at  once,  and  until  a 
network  of  triangulation  existed  and  an  independent  Computation 
Office  under  skilled  mathematicians  had  been  formed,  the  control  was 
insufficient.  In  1899  these  two  indispensable  safeguards  were  first 
introduced,  and  as  they  rapidly  improved  in  efficiency,  confidence 
was  established  and  increasing  of  staff  by  surveyors  who  had  had  but 
a  few  months'  training  was  not  as  risky  as  it  might  appear. 

The  technical  methods  were  not  taken  from  any  one  country  or 
system,  but  were  such  as  appeared  suitable  to  the  special  conditions  of 
the  work,  viz.,  a  rapid  and  accurate  survey  of  a  level,  open,  agricultural 
country  which  was  highly  cultivated,  by  a  staff  having  elementary 
technical  knowledge,  and  trained,  controlled,  and  supervized  by  a  few 
competent  inspectors.  In  Chapters  X  to  XVIII,  where  the  present 
survey  is  described,  the  methods  of  work  are  set  forth  in  detail  together 
with  the  reasons  for  adopting  them  and  the  results  obtained  from 
them.  As  has  already  been  pointed  out,  time  had  to  be  considered 
first  in  consequence  of  the  Hmit  being  fixed  for  the  date  by  which  the 
re-assessment  was  to  be  completed.  As  soon  as  the  whole  country  had 
been  mapped  and  the  land-registers  sent  in,  methods  were  modified 
so  as  to  improve  both  the  accuracy  and  the  control  in  those  respects 
in  which  hitherto  the  urgent  necessity  for  rapid  work  had  rendered  a 
compromise  to  some  extent  unavoidable.  I  have  indicated  at  each 
stage  of  the  work  the  amount  of  such  concession,  which  was  always 
kept  within  the  lowest  limits  possible,  and  in  no  case  was  siifficient 
to  affect  the  primary  object  of  the  work,  viz., the  correct  determination 
of  the  area  and  position  of  each  landowner's  property. 

It  is  not  claimed  that  this  system  of  surveying  was  of  a  high  educa- 
tional value  in  forming  surveyors  competent  to  deal  with  any  case  that 
might  arise,  but  it  was  the  only  practicable  means  of  carrying  out  the 
detailed  survey  of  this  large  area  with  satisfactory  precision  in  the 
extremely  short  space  of  time  at  disposal ;  since  this  has  now  been 
accomplished,  arrangements  have  been  made  for  a  more  thorough  and 


systematic  training  of  surveyors.  What  it  did  do  was  to  produce  a 
sufficient  supply  of  surveyors  competent  to  execute  a  single  branch  of 
the  work  efficiently ;  each  one  did  work  which  directly  or  indirectly 
controlled  that  of  another,  so  that  the  whole  procedure  consisted  in  a 
number  of  operations  simplified  as  far  as  possible,  each  being  checked 
by  another  operation  independent  of  it. 

Egypt  has  gone  through  the  same  experience  as  many  other  countries 
in  making  a  series  of  experiments  in  surveying,  with  varying  success. 
In  1823  Mohammed  Ali  Pasha  caused  about  sixty  villages  in  Sharqia 
province  to  be  surveyed  by  Egyptian  surveyors  under  the  Italian 
engineer  Masi,  but  nothing  more  came  of  it ;  the  elaborate  geodetic 
instruments  ordered  by  Said  Pasha  were  received,  but  were  never 
used  in  a  general  survey  ;  the  cadastre  of  1878  adopted  methods  which 
were  too  elementary  to  furnish  a  sufficient  control  upon  the  detailed 
measurements  of  so  large  an  area.  In  1892,  State  lands  alone  were 
being  located  and  mapped,  so  that  no  elaborate  system  was  necessary, 
but  as  the  work  advanced  it  appeared  desirable  to  extend  its  scope  and 
to  imdertake  the  re-assessment  of  the  land-tax  which  was  so  urgently 
needed.  In  1898,  therefore,  when  the  Survey  Department  was  formed 
by  the  fusion  of  the  State  Lands,  or,  as  it  had  by  then  become,  the 
Revenue  Survey,  the  Hydrographical  Survey,  the  Map  Drawing  Office 
of  the  Ministry  of  Public  Works,  and  the  Geological  Survey,  the 
question  again  arose  of  deciding  upon  the  system  to  be  followed. 

The  logical  method  is  certainly  to  commence  with  a  triangulation 
of  the  highest  precision,  and  to  follow  this  by  triangles  of  shorter  sides 
and  more  moderate  accuracy  until  sufficient  points  have  been  deter- 
mined to  control  the  field  measurements  made  with  the  chain.  It  is 
not  often  that  this  counsel  of  perfection  can  be  adopted,  since  it  usually 
happens  that  other  considerations  are  of  greater  weight,  or  have 
for  the  time  being  greater  influence.  Even  if  the  most  technically 
correct  scheme  of  work  will  provide  the  result  at  a  much  lower  total 
cost  than  another  in  which  continually  improving  methods  are  adopted, 
necessitating  subsequent  revision  of  much  that  was  done  at  first,  still  the 
value  to  a  rapidly  developing  country  of  maps  of  even  a  fair  accuracy 
is  so  great  that  it  may  become  necessary  to  sacrifice  some  economy 
and  accuracy  in  the  technical  work  in  order  to  supply  maps  at  the 
earliest  possible  date -and  so  meet  the  urgent  requirements  of  the  com- 
munity.   But  nothing  should  be  allowed  to  interfere  with  the  employ- 
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ment  of  a  triangulation  network  of  sufficient  accuracy  to  control  the 
detail  survey  adequately,  and  to  prevent  errors  from  accumulating  to 
an  amount  which  would  be  appreciable.  This  has  been  very  conspi- 
cuously the  case  in  Egypt,  where  the  maps  were  required  at  once  in 
order  to  proceed  forthwith  to  the  re-assessment  of  the  land-tax. 
Under  these  circumstances  the  only  practicable  method  was  to  push 
on  triangulation  of  the  second  and  third  order  *  as  rapidly  as  possible, 
and  to  introduce  improved  methods  as  opportunity  offered  until  the 
standard  of  work  reached  that  which  was  necessary  for  the  efficient 
control  of  a  cadastral  survey  on  the  scale  of  1 :  2,500 ;  in  practice,  this 
attempt  was  so  far  successful  that  after  1898  only  one  province,  IMe- 
nufia,  was  surveyed  without  triangulation.  In  Giza  province  the 
triangulation  was  moderate  in  quality,  in  the  Fayum  it  was  consider- 
ably better  and,  indeed,  fully  adequate  for  the  work  required  of  it ; 
after  this,  all  other  provinces  have  had  a  thoroughly  satisfactory  trian- 
gulation of  a  high  quality. 

The  present  survey  is  the  first  that  has  been  carried  out  in  Egypt 
on  both  a  fiscal  and  topographical  basis  for  the  whole  country.  Al- 
though for  some  fifty  centuries  and  more  the  cultivable  lands  of 
Egypt  have  been  measured  and  recorded,  it  is  only  now  that  the 
registers  in  which  this  is  done  have  been  supplemented  by  a  complete 
series  of  maps  on  which  the  shape  of  each  property  is  shown,  and  its 
position  -wnth  respect  to  other  properties  indicated.  Formerly,  it  was 
considered  sufficient  to  measure  and  record  the  area  occupied  by  each 
landowner,  but  under  this  system  land  might  be  recorded  more  than 
once  if  the  measurements  took  place  at  different  times  or  were  repeated ; 
a  landowner  who  had  encroached  on  his  neighbour's  property  might  on 
re-measurement  be  credited  with  an  area  of  land  which  was  already 
inscribed  under  his  neighbour's  name,  and  the  difference  would  thus 
appear  twice  if  there  was  no  plan  showing  the  boundaries  of  the 
properties. 

Numerous  surveys  have  been  made  in  which  lands  have  been 
measured  up  and  registered,  beginning  with  those  of  Ancient  Egypt, 
which  are  referred  to  in  the  inscriptions  of  that  time,  and  ending  with 
that  carried  out  in  the  reign  of  Said  Pasha,  1853-1859,  in  the  last 
century,  but  the  present  survey  is  the  only  one  which  has  been  com- 


•  See  Chapter  XIV. 
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pleted  topographically,  by  preparing  maps  on  a  large  scale  on  which 
every  holding  is  shown.  It  was  preceded  by  the  Cadastral  Survey, 
which  was  commenced  in  1878,  and  was  intended  to  record  both  on 
maps  and  in  registers  the  cultivable  land  of  the  country  according  to 
individual  holdings,  but  the  rigid  economy  which  had  to  be  exercised 
in  1883  reduced  the  annual  expenditure  on  this  work,  and  in  1888  the 
survey  was  finally  suppressed  when  only  between  a  sixth  and  a  seventh 
of  the  country  had  been  completed.  It  was  not  until  four  years  later 
that  work  was  resumed,  at  first  on  a  small  scale,  but  the  annual  out- 
turn gradually  increased,  and  reached  in  1903  1,000,000  feddans, 
which  were  surveyed  on  the  scale  of  1 :  2,500,  the  maps  being  printed 
and  published  on  the  same  scale. 

The  various  stages  by  which  a  cadastral  survey  of  the  accuracy 
demanded  by  modern  requirements  was  reached  may  be  seen  from 
the  following  table,  in  which  the  principal  land-marks  in  the  steady 
advance  from  the  methods  which  had  sufficed  for  several  thousands  of 
years  to  those  of  modern  times  are  recorded : — 

1813-1822— The  Cadastre  was  carried  out  by  Muallim  Gliali  and  M.  Masi ; 

60  villages  in  Sharqia  province  were  mapped. 
1853— The  Cadastre  of  Bahgat  Pasha. 

1858 — A  base-measuring  apparatus  was  ordered  from  Briinner,  of  Paris. 
1861 — A  topographical  survey  of  Egypt  was  made  under  Mahmud  Pasha 
el  Falaki. 

1878-1888 — The  cadastral  survey  of  portions  of  Beheira,  Gharbia,  Monufia, 

Qaliubia,  and  the  Fayum  provinces  was  executed. 
1892 — The  commencement  of  a  survey  of  State  lands. 

1895 — The  appointment  of  commissions  to  assess  the  rental  value  of  the 
land  ;  the  commencement  of  a  revenue  survey. 

1898 — The  formation  of  the  Survey  Department  to  carry  out  a  cadastral 
survo}'. 

1907 — The  completion  of  the  cadastral  survey  and  the  re-assessment  of  the 
land-tiix  of  the  cultivable  lands  of  Egypt,  all  the  maps  being 
printed  and  published  at  first  on  the  scale  of  1 :  4,000  and  later  on 
the  scale  of  1 :  2,500. 

Surveying  is  the  application  of  physical  measurement  to  the  earth's 
surface  and  it  furnishes  the  basis  for  the  discussion  of  it ;  on  the 
one  hand,  therefore,  precision  of  measurement,  the  elimination  of 
errors  of  observation  and  similar  points  demand  attention ;  on  the 
other,  the  nature  of  the  region  measured  and  the  purpose  for  which 
the  results  are  required  must  be  borne  in  mind.  Superfluous  accuracy 


-  10  — 


may  lead  to  as  profitless  an  expenditure  as  attempting  the  survey  of 
a  large  area  without  a  sufficient  means  of  controlling  and  eliminating 
the  errors  which  must  occur,  so  that  a  proper  adaptation  of  means 
available  to  attain  the  end  in  view  is  essential  to  an  economical 
scheme  of  work. 

To  sketch  in  broad  outlines  the  profession  of  the  land  surveyor  at 
various  periods  from  the  ancient  Egyptian  times  down  to  the  present 
day  is  both  of  interest  and  of  practical  importance,  but  information 
is  scarce,  and  many  gaps  in  the  account  prevent  us  from  doing  this 
at  all  completely ;  enough  information,  however,  exists  to  show  very 
strikingly  how  the  geographical  conditions  of  the  Nile  Valley  have 
controlled  surveying  methods.  With  all  our  advantages  to-day,  our 
accurately  divided  circles  for  angular  measurement,  our  telescopes 
furnished  with  micrometers  for  accurate  pointing  and  measurement, 
our  various  methods  for  eliminating  the  errors  produced  by  the  expan- 
sion and  contraction  of  our  standards  of  length — with  all  these,  when 
we  come  to  the  detailed  measurement  of  small  holdings  we  meet  the 
same  difficulties  that  our  predecessors  encountered  5,000  years  ago. 
And  in  this  part  of  the  subject  the  improvements,  though  important, 
are  not  very  numerous,  being  mostly  in  the  computation  of  the  areas, 
and  in  considering  angles  other  than  right  angles.  Where  the  great 
advances  have  been  made  is  in  measuring  certain  selected  distances 
with  high  precision,  and  then,  by  accurate  angular  measurement, 
determining  the  relative  positions  of  numerous  points  within  a  certain 
ascertainable  amount  of  error.  Within  any  area  defined  by  any  three 
or  more  such  points  we  can  control  the  detailed  measurements,  and 
thus  prevent  the  accumulation  of  errors ;  moreover,  all  parts  of  the 
country  are  measured  with  reference  to  the  same  standard,  and 
consequently  the  inconvenience  and  uncertainty  which  are  caused  by 
units  varying  in  size  in  different  parts  of  the  country  are  avoided. 

Though  there  are  only  two  instances  known  of  the  cartographical 
treatment  of  land  in  ancient  Egypt,  the  registration  of  the  size,  location, 
and  ownership  of  holdings  dates  from  very  early  times.  Delimitations 
of  boundaries  are  mentioned  in  inscriptions  of  the  twelfth  dynasty 
(1900  B.C.),  lawsuits,  in  which  records  of  ownership  are  produced 
from  the  State  archives,  are  known  to  us  in  the  nineteenth  dynasty 
(1300  B.C.)  and  scenes  of  land-measurers  at  their  work  in  the  fields 
are  reproduced  on  the  walls  of  some  of  the  Theban  tombs,  while  statues 
of  chief  land-measurers  have  been  preserved  (see  Plates  I  to  III). 
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These  examples  of  the  procedure  followed  in  ancient  Egypt  are  full 
of  interest  to  us  at  the  present  time,  for  in  them  we  can  see  the  origin 
of  many  customs  which  are  still  in  use  or  have  only  recently  begun  to 
wane.  A  system  of  computation  identical  with  that  emploj'ed  in 
about  2000  B.C.  is  still  in  use,  not  only  in  the  villages  by  the  local 
measurer,  but  also  in  provincial  offices  where  staff  of  the  old  type 
still  remain. 

Any  account  of  the  present  survey  and  its  results  may,  therefore, 
be  fitly  supplemented  by  such  information  as  is  available  concerning 
the  measurement  of  land  in  Egypt  in  ancient,  medieval,  and  modern 
times,  which  will  lead  up  to  the  present  methods,  and  may  indicate 
the  directions  in  which  further  improvements  may  be  sought.  Before, 
however,  we  study  the  measurements  which  have  for  their  object  the 
record  of  man's  agricultural  development  of  the  fertile  lands  in  the 
Nile  Valley,  it  is  necessary  to  go  back  a  stage  further  in  order  to  take 
account  of  the  geographical  conditions  which  not  only  render  this 
region  especially  suited  for  agriculture,  but  also  determine  the  general 
conditions  to  which  man  has  adapted  himself,  and  amid  which  he  has 
evolved  the  system  of  land  tenure  which  it  has  been  the  object  of  the 
surveyor  in  each  successive  age  to  record  with  more  or  less  accuracy 
according  to  the  intellectual  standard  of  his  time. 

The  geographical  conditions  which  prevail  in  the  Nile  Valley  are 
set  forth  at  some  length,  for  they  are  to  a  great  extent  peculiar  to 
the  country,  though  other  countries  furnish  cases  which  are  similar 
in  some  respects  and  to  a  certain  degree.  From  this  subject  we  pass 
to  that  of  the  units  of  length  and  area  which  have  been  employed  at 
various  times  to  define  the  size,  shape  and  position  of  land  property. 
Those  of  ancient  Egypt  remained  in  use  until  the  eighth  century 
oiir  era,  when  others  of  Syrian  origin  replaced  them  with  remarkable 
rapidity,  to  remain  in  use  until  the  present  time,  when  metric 
measures  are  daily  becoming  more  familiar. 

A  brief  account  of  land-surveying  in  past  ages  is  given  in  Chapter  IV, 
since  the  customs  of  the  present  time  have  their  origin  in  the  conditions 
of  the  past,  and  not  a  few  of  those  of  to-day  persist  because  the  present 
system,  devised  for  a  special  purpose,  does  not  yet  fully  meet  the  con- 
venience of  the  individual  cultivator.  This  account  stops  at  the  end 
of  the  eighteenth  century,  since  the  Cadastre  of  1813-1822  ordered  by 
Mohammed  Ali  Pasha  marks  the  commencement  of  modern  and  more 
scientific  methods. 
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The  question  of  the  classification  of  land  in  Egypt  (Chapter  V),  is  one 
which  would  occupy  a  volume  by  itself,  but  here  it  is  only  discussed 
sufTiciently  to  indicate  the  points  of  importance  to  the  surveyor ;  for 
when  representing  on  his  maps  or  in  his  measurement  book  the  proper- 
ties of  the  landowners,  he  has  had  to  take  into  account  the  forms  of 
tenure,  and  the  classification  of  the  land  in  order  that  the  taxes 
might  be  collected,  the  transfer  of  property  recorded,  and  the  lands 
of  the  State  administered. 

The  various  essays  in  land-measurement  and  surveying  between 
1800  and  1877  are  recounted  in  Chapter  VI,  but  the  material  available 
is  scanty  and  the  methods  of  work  are  but  imperfectly  recorded. 

The  Cadastre  of  1878  (Chapter  VII)  was  the  first  which  definitely 
proposed  to  register  and  map  the  whole  of  the  landed  property  in 
Egypt,  and  though  it  came  to  an  end  in  1888,  the  necessity  of  such  a 
work  had  been  fully  recognized  and  the  location  and  measurement  of 
the  State  lands  was  instituted  in  1891  (Chapter  IX)  which  developed 
into  the  cadastral  survey  of  the  present  time,  of  which  the  methods 
and  results  are  set  forth  in  detail  in  the  later  chapters  (X-XVIII). 

So  far  as  possible,  terms  in  use  locally  have  been  avoided,  but  in  a 
few  cases  their  employment  has  been  necessary  ;  besides  the  explana- 
tion given  in  the  text  where  they  are  first  used,  their  meaning  is  also 
given  in  the  glossary  at  the  end  of  this  volume.* 

The  Inspectors  of  the  Survey  Department  have  rendered  much 
assistance  in  the  preparation  of  this  report,  thereby  greatly  facilitat- 
ing its  production.  Some  have  also  contributed  the  results  of  their 
knowledge  and  experience  in  special  sections  of  the  work  and  these 
are  acknowledged  in  the  subsequent  chapters.  Without  such  help 
it  would  have  been  very  difficult  to  represent  adequately  the  detailed 
methods  employed  in  executing  so  many  and  various  operations  in 
land-measurement. 


*  Appendix  III. 
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CHAPTER  II. 

The  Geographical  Conditions. 

The  valley  of  the  Nile  in  Egypt  occupies  a  narrow  belt  of  country 
extending  for  some  900  kilometres  from  south  to  north,  from  lat. 
22°  N.  at  Wadi  Haifa  to  lat.  30°  N.  at  Cairo ;  in  breadth  it  varies 
from  a  few  hundred  metres  wide  in  Nubia  to  15-20  kilometres  in  the 
provinces  of  Assiut  and  Girga  in  Upper  Egypt.  Thus  it  occupies  a 
narrow  trough,  on  either  side  of  which  Ues  the  desert  plateau,  some- 
times sloping  gradually  down  to  the  valley  but  more  often  terminating 
in  steep  cliffs  which  rise  to  heights  of  from  200  to  300  metres  above  it. 
Below  Cairo  begins  the  Delta,  a  triangular  flat  tract  of  country  sloping 
very  gently  to  the  sea  at  the  average  rate  of  O'l  metre  in  a  kilometre  ; 
the  side  of  this  triangle  measures  about  170  kilometres,  while  its  base, 
formed  by  the  Mediterranean  Sea,  is  250  kilometres  long,  so  that  its 
total  area  amounts  to  about  23,900  square  kilometres  (see  Plan  I). 
Of  this,  3,180  square  kilometres  are  still  occupied  by  the  shallow  lakes 
of  Mariut,  Edku,  Borollos  and  Manzala,  while  formerly  a  much  larger 
area  was  occupied  by  these  and  other  smaller  sheets  of  water.  In  the 
province  of  Beheira  alone  the  area  occupied  by  lagoons  and  flooded 
marsh  has  been  reduced  from  480  to  235  square  kilometres  between 
1894  and  1904  by  the  drainage  works  carried  out  by  the  Irrigation 
Service. 

In  more  remote  times,  as  we  shall  see  later,  vast  tracts  of  marsh 
formed  a  predominant  feature  of  the  Delta  lands  before  the  annual 
deposit  of  mud  had  raised  the  level  sufficiently  iox  reclamation  to 
extend  far  from  the  banks  of  the  river  arms  and  the  lesser  branches. 

The  Delta  and  the  Valley  include  all  the  cultivable  lands  which 
comprise  a  portion  only  of  the  whole  region.  Much  land  on  the 
northern  margin  of  the  Delta  is  still  too  salt  or  too  water-logged  to 
be  suitable  for  agriculture,  portions  are  still  occupied  by  marshes  or 
lakes,  while  in  the  valley  the  desert  margin  is  usually  situated  at  too 
high  a  level  for  the  silt-laden  water  of  the  flood  to  flow  on  to  it  even 
by  the  aid  of  long  canals.  The  maximum  cultivable  area  is  therefore 
limited  by  the  height  to  which  the  water  of  the  river  can  be  economi- 


—  14  — 


cally  raised.  It  has  been  assumed  that  in  earlier  times  the  cultivable 
area  was  much  larger  than  it  now  is,  but  this  cannot  have  been  the 
case  in  the  valley,  where  throughout  the  historic  period  the  river  bed 
and  the  flood  plains  have  been  slowly  rising  as  the  river-silt  was 
deposited  year  by  year.  In  the  Fayum  towns  flourished  in  the  Greek 
period  above  the  present  margin  of  the  cultivation,  since  the  lake  level 
was  much  higher  and  the  lower  portions  of  the  province  were  then 
submerged.  In  the  Delta,  ancient  mounds  in  the  northern  portion 
mark  the  sites  of  towns  where  a  considerable  population  once  flourished; 
the  tombs  of  Roman  date  near  Alexandria  afford  evidence  that  there 
has  been  a  downward  movement  of  the  land  here  which  will  have 
interfered  with  the  water-supply  and  water-logged  the  soil,  thereby 
making  the  region  uninhabitable  until  modern  engineering  skill  has 
succeeded  in  reclaiming  it  from  its  present  condition. 

This  Valley  and  Delta  are  situated  in  a  region  in  which  the  climatic 
conditions  are  strongly  marked  and  their  effect  has  been  great  on  the 
plant  and  animal  life  inhabiting  it.  Egypt  lies  in  a  region  of  high 
atmospheric  pressure  from  which  the  air  streams  southward  towards 
the  equatorial  belt  of  low  pressure  ;  dry  to  start  with,  its  relative 
humidity  is  much  reduced  as  it  blows  over  the  heated  deserts,  where 
there  are  no  hill  ranges  of  sufficient  height  to  cause  local  precipitation, 
so  that  the  climate  of  Egypt  is  practically  rainless.  At  Cairo  an  average 
amount  of  25  millimetres  of  rain  falls  annually,  but  south  of  this  an 
occasional  storm  alone  is  recorded.  In  the  Delta  the  yearly  total  of 
rain  increases  to  200  millimetres  at  Alexandria  and  100  millimetres  at 
Port  Said,  but  the  decrease  inland  is  rapid,  and  nowhere,  except  on  the 
coast  belt  near  Alexandria,  is  the  rainfall  of  any  practical  value  to 
agriculture.  The  cultivator  depends  wholly  on  the  Nile  to  supply  him 
with  the  water  necessary  for  raising  his  crops  and  the  remarkable 
regularity  of  its  rise  and  fall  must  at  an  early  date  have  established 
the  agricultural  methods  which  have  been  employed  almost  without 
change  down  to  the  present  time. 

The  monsoon  of  East  Africa  reaches  the  Abyssinian  tableland  in 
June  and  the  rains  there  become  heavy  in  July  and  August,  diminishing 
rapidly  in  September  as  the  rain-belt  moves  southwards  again  towards 
the  equator.  The  direct  consequence  of  these  rains  is  the  rise  of  the 
waters  of  the  Blue  Nile  flood,  which  hold  back  the  waters  of  the  White 
Nile  on  account  of  its  low  slope,  so  that  the  Blue  Nile  alone  supplies  the 
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Nile  flood,  on  which  Egypt  depends.  The  river  begins  to  rise  at  Aswan 
early  in  June,  reaches  its  maximum  at  the  end  of  the  first  week  in 
September  and  then  falls  rapidly  ;  at  Cairo  the  rise  does  not  usually 
begin  till  July  and  the  maximum  height  is  reached  at  the  beginning 
of  October.  By  the  end  of  the  year  the  supply  of  the  Blue  Nile  becomes 
small  and  from  that  time  onwards  the  White  Nile  is  the  main  factor  in 
furnishing  the  low-stage  supply  of  water  to  Egypt,  but  if  the  assistance 
given  by  the  waters  ,of  the  Sobat  and  Blue  Nile  should  then  be 
exceptionally  small,  the  supply  is  reduced  to  that  which  the  Bahr  el 
Jebel,  Bahr  el  Zaraf,  and  Bahr  el  Grhazal  furnish,  an  amount  quite 
insufficient  for  the  needs  of  Egypt. 

The  relation  of  the  supply 
of  water  furnished  by  the 
Blue  Nile  to  that  of  the  White 
Nile  at  different  seasons  of 
the  year  can  be  readily  un- 
derstood from  Fig.  1,  in 
which  the  distance  between 
each  horizontal  line  repre- 
sents a  discharge  of  1,000 
cubic  metres  of  water  per 
second. 

The  harvest  is  in  April  or 
May,  and,  from  then  until 
the  next  flood  inundates  the 
land,  the  soil  is  parched  and 
dry  except  on  the  river 
banks,  or  where  a  well  en- 
ables the  cultivator  to  water 
a  small  patch.  Agriculture  is, 
therefore,  wholly  dependent 
on  the  river  and  its  annual 
flood  for  the  succession  of 
operations  from  seed-time  to 
harvest,  and  this  has  been 
the  case  from  the  earliest 
times  when  the  mud  from  the 

high  land  of  Abyssinia  had  jp\g, 
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been  deposited  in  sufficient  quantity  to  form  a  cultivable  soil  on  wMch 
the  early  inhabitant  of  the  valley  could  settle  and  support  himself. 

But  even  though  the  regularity  is  so  remarkable,  there  is  a  certain 
difference' between  floods  of  different  years,  and  the  agriculture  is 
dependent,  in  the  absence  of  rainfall,  on  an  annual  river-flood  which 
does  not  vary  in  volume  from  year  to  year  by  more  than  30  per  cent, 
above  and  below  the  mean  value  except  in  very  exceptional  years.* 
In  early  times  the  river  must  have  inundated  the  greater  part  of  the 
flood-plains  below  Aswan  and  the  Delta  also,  until  man  began  to 
control  the  waters  of  the  river  by  means  of  banks  and  canals,  and  to 
lead  them  wherever  they  were  needed  by  his  crops.  Thus  he  developed 
a  primitive  form  of  basin  irrigation  in  which  canals  led  the  silt-bearing 
waters  of  the  flood  on  to  the  cultivated  lands,  where  they  were 
retained  by  banks  until  the  mud  had  been  deposited  and  the  river  had 
fallen  sufficiently  for  the  water  to  drain  back  into  it  again.  In  this 
way  an  addition  of  virgin  soil  was  annually  made  to  a  rich  flood-plain 
which  was  never  deeply  ploughed,  and  this  regular  addition  maintained 
its  high  fertiUty.  Sown  on  the  wet  mud  left  by  the  water  when  it  was 
drained  off,  the  crops  grew  luxuriantly,  drawing  the  moisture  which 
they  required  from  the  ground,  which  was  saturated  by  the  inundation, 
and  receiving  no  additional  supply  either  by  rainfall  or  artificial  irri- 
gation. 

Looking  back  to  the  later  geological  times  when  the  Red  Sea  had 
been  formed  and  the  Nile  Valley  outhned  as  a  line  of  fracture  in  the 
Umestone  plateau,  we  are  led  by  such  evidence  as  is  available  to  the 
view  that  in  prehistoric  times  the  depression,  which  is  to-day  the 
Nile  Valley,  was  in  all  probability  occupied  by  a  series  of  lakes,  and 
in  a  somewhat  more  humid  climate  which  may  have  then  prevailed, 
forest  and  jungle-growth  lined  the  edges  of  the  valley  and  the  lake 
margins.  With  the  advent  of  the  drainage  water  of  the  Abyssinian 
tableland,  by  whatever  course  of  events  this  was  brought  about,  the 
rich  reddish-brown  silt,  the  product  of  the  disintegration  of  the  basalt 
of  Abyssinia,  was  deposited  to  form  the  flood  plains  of  the  Nile  as  it 
flowed  between  the  steep  limestone  walls  of  rock  on  either  side. 

As  in  the  case  of  all  rivers  carrying  much  material  in  suspension, 
the  flood-plains  were  built  up  more  quickly  near  the  bank  of  the  river, 


*  Lyons,    Physiograpliy  of  the  Nile."    Cairo,  1906.   Chap.  X. 
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where  the  velocity  of  the  flooding  waters  was  first  checked  and  their 
load  deposited.  On  the  confines  of  the  valley  there  remained  low- 
lying  stretches  in  which  at  first  were  large  lagoons,  which  in  time 
became  swamps,  and  finally,  as  deposition  continued,  were  represented 
by  a  few  isolated  depressions,  probably  connected  by  an  arm  of  the 
river  flowing  with  a  meandering  course  parallel  to  the  main  stream. 
As  layer  upon  layer  of  mud  and  fine  sand  was  laid  down,  the  flood 
plains  would  be  gradually  raised,  and  the  swinging  of  the  main  channel 
iromside  to  side  of  the  valley  resulted  in  the  formation  of  a  level 
plain  though  during  the  process  loops  of  the  river  which  had  been 
uu'iis'ff  from  the  main  stream  long  existed  as  narrow  ponds  and  lakes. 

JITe  earUest  human  settlements  of  which  we  have  knowledge  at 
present  were  inhabited  by  fishers  and  hunters  rather  than  by  culti- 
vatojs.  In  their  graves  are  stone  weapons  of  a  highly-developed  type, 
whilfe  copper  occurs  as  yet  in  the  form  of  ornaments  only ;  on  their 
pottery  are  the  representations  of  elephants,  giraffes,  ostriches,  and 
many  species  of  antelope,  all  of  which  must  have  been  well  known  to 
them  and  frequently  encountered.  But  there  seems  to  be  no  ground 
for  assuming  difference  of  climate  at  this  late  period  to  account  for 
their  occurrence,  but  rather  that  the  geographical  conditions  existing 
in  the  valley  at  this  time  were  such  that  but  a  portion  was  cultivated 
by  its  inhabitants  and  that  a  wide  extent  consisted  of  such  a  labyrinth 
of  marsh,  lagoon  and  coarse  vegetation  as  would  provide  suitable 
haunts  for  such  a  fauna.  The  present  condition  of  the  Bahr  el  Jebel 
valley  may  be  quoted  as  illustrative  of  this  to  some  extent.  It  would 
be  along  the  desert  margin  at  the  edge  of  the  flood-plain  that  these 
conditions  would  prevail  longest ;  here,  the  low-lying  land  would 
yearly  remain  filled  with  the  waters  of  the  flood  till  long  after  the 
river  had  fallen,  and  marsh  vegetation  would  flourish  luxuriantly.  * 
A  belt  of  such  country  must  still  have  occupied  the  western  side  of  the 
valley  in  early  historic  times,  and  we  may  see  evidence  of  this  in  the 
tomb  scenes  of  the  Old  Empire  at  Saqqara,  Lisht,  Meidum,  and, 
further  south,  as  at  Beni  Suef  and  Assiut,  in  which  hunting  animals 
and  killing  of  the  hippopotamus  and  crocodile  and  the  fishing  in  the 
lagoons,  form  the  principal  recreations  of  the  great  nobles  of  Ancient 
Egypt. 


•  Cf.  Heeodotcs,  Bk.  II,  4. 
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As  time  went  on,  deposition  took  place  on  the  banks  of  the  main 
stream  and  its  principal  branches,  so  that  the  second  stage  in  the 
occupation  of  the  valley  consisted  of  the  founding  of  towns  and  villages 
on  the  higher  banks,  cultivation  extending  to  these  portions,  and  to 
the  land  which  sloped  down  to  the  marshes  as  the  inundated  area 
dried  up  by  evaporation  or  by  being  slowly  drained  by  the  river 
branches  which  flowed  through  these  low  lands.    These  marshes  were 
gradually  filled  up  by  the  deposit  of  mud  from  the  flood-waters,  and, 
in  the  New  Empire,  we  no  longer  hear  of  hunting  in  the  marshes, 
fishing  and  snaring  birds.    In  place  of  these  forms  of  sport  we  hear 
of  wild  cattle  being  pursued  on  the  western  margin  of  the  Delta, 
and  of  gazelle  and  antelopes  being  hunted ;  but  the  marshes  have 
greatly  diminished  and  no  longer  form  a  principal  feature  of  the 
valley.    It  may  be  reasonably  concluded  that  the  wild  fauna  which 
is  mentioned  in  the  inscriptions  lived  on  the  margin  of  the  desert  and 
found  their  food  and  water  in  the  long  belts  of  unreclaimed  land 
which  must  have  existed  for  a  considerable  period  after  the  silting  up 
of  the  great  marshes  commenced. 

Though  all  this  took  place  at  a  remote  period  of  history,  many 
centuries  were  occupied  in  this  natural  reclamation  of  the  valley,  and 
even  to-day  we  may  see  the  signs  of  the  former  state  of  things. 

The  canal  Imown  as  the  Bahr  Sohagia  (Plan  II)  which  now  leaves 
the  Nile  at  Sohag,  was  no  doubt  at  one  time  the  main  stream  of  the 
Nile  for  a  short  distance  northwards  of  this  town;  when  the  eastern 
arm  became  the  more  important,  the  western  dwindled  to  a  branch 
which,  when  no  longer  able  to  reunite  with  the  main  river,  flowed  to 
the  lower-lying  land  near  the  edge  of  the  flood-plain.  The  continuous 
water-channel  of  to-day  is  almost  certainly  a  river  branch  aided  by 
artificial  adaptation  of  the  pools,  river  arms,  etc.,  which  were  left 
after  the  marshes  had  been  brought  gradually  under  cultivation,  and 
it  now  serves  to  carry  the  waters  of  the  main  stream  to  the  village 
lands  under  the  western  cliffs  where,  after  a  course  of  165  kilometres, 
it  ends  near  the  village  of  Meir  in  a  group  of  irregularly-shaped  pieces 
of  water  which  we  can  hardly  be  mistaken  in  considering  as  the  last 
remnant  of  an  ancient  marsh. 

Immediately  beyond  the  termination  of  the  Bahr  Sohagia,  the 
other  great  natural  stream  of  Upper  Egypt — ^the  Bahr  Yusef — leaves 
the  main  river  and  follows  its  meandering  course  along  the  western 
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edge  of  the  flood-plain  until  it  enters  the  depression  of  the  Fayum  at 
Lahun  after  flowing  for  a  distance  of  164  kilometres  (Plan  III). 
This  portion  of  Egypt  between  the  Nile  and  the  Bahr  Yusef  has  been 
recently  converted  from  basin  irrigation  to  perennial  irrigation,  and  the 
new  canals,  banks,  and  drains  so  fill  the  maps  with  detail  as  to  obscure 
the  more  ancient  geographical  features  ;  still,  the  typical  form  of  a 
natural  stream  is  to  be  readily  recognized  in  the  Bahr  Yusef  even  though 
man  may  from  time  to  time  have  modified  it  to  suit  his  requirements. 

Even  at  the  present  time  the  Bahr  Sohagia  and  the  Bahr  Yusef, 
which  are  now  used  as  main  supply  canals  in  Upper  Egypt,  show  by 
their  position,  by  the  absence  of  dykes  along  them  and  by  their  mean- 
/  dering  courses,  that  they  are  really  the  river  branches  which  flowed 
along  the  "  bottoms  "  at  the  edge  of  the  valley  since  they  were  unable 
to  cut  their  way  through  the  higher  portion  of  the  flood-plain  which  lay 
between  them  and  the  Nile.  They  are  the  last  remnants  of  the  belt  of 
marshes  and  lagoons  which  in  earlier  times  occupied  the  margin  of  the 
valley  and  were  gradually  reclaimed  by  the  advancing  cultivation  as 
the  Nile  mud  was  annually  deposited  in  them  and  the  land  raised  to 
the  level  of  the  rest  of  the  vaUey.  Even  now  there  is  a  gradual  though 
slight  fall  of  the  land  from  the  river  to  the  desert  edge,  and  the  basin 
land  which  lies  away  from  the  river  is  lower  than  that  which  borders  it 
(see  Plan  IV). 

In  consequence  of  this  normal  building  up  of  the  flood-plains  by 
deposition  from  the  silt-laden  waters  of  the  annual  flood,  perennial 
cultivation  would  first  occur  on  the  river  banks  while  behind  this  belt 
would  lie  the  lower  part  of  the  flood-plains,  which  would  support  a 
single  crop,  sown  directly  after  the  flood  subsided  and  coming  to 
maturity  by  utilizing  the  water  retained  in  the  soil  without  a  further 
supply  being  furnished. 

These  low-lying  or  basin  lands  comprised,  until  quite  recently,  by 
far  the  larger  portion  of  the  lands  of  Upper  Egypt,  and  it  is  only  within 
the  last  few  years,  since  the  Aswan  Reservoir  has  increased  the  low- 
stage  supply  of  the  river,  that  there  has  been  sufficient  water  for  the 
introduction  of  perennial  irrigation  in  some  of  the  provinces.  The 
villages  in  these  basin  lands  were  situated  on  any  rising  patch  of 
ground,  probably  in  the  first  instance  the  bank  of  the  main  river, 
which  in  course  of  time  swung  away  from  it  and  left  it  in  the  open 
floor  of  the  valley.    As  each  generation  built  its  mud-brick  houses 
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on  the  ruins  of  those  which  had  fallen,  the  village  site  rose  more  rapidly 
than  the  flood-plain  itself,  and  thus  it  stood  and  still  stands  up  above 
the  waters  of  the  inundation  as  a  dwelling-place  for  the  inhabitants  and 
a  refuge  for  their  cattle  when  the  fields  are  flooded. 

In  this  manner  villages  would  have  arisen  as  cultivable  land  increased 
and  the  marshes  diminished  as  a  result  of  long-continued  deposition  by 
the  silt-bearing  waters  of  the  Nile  flood. 

In  the  Delta  the  process  of  natural  reclamation  proceeded  on  similar 
but  not  identical  hnes.  Here  a  number  of  water  channels  took  the 
place  of  the  single  stream  ;  some  were  the  larger  and  more  important, 
but  even  these,  by  constant  bifurcation,  supplied  smaller  branch 
channels  and  became  reduced  in  size  themselves.  Cross  channels  \^ 
connected  the  different  arms  of  the  river  and  the  usual  state  of  unstable  \ 
equilibrium  common  to  all  deltas  caused  now  one  channel  and  now  'l 
another  to  become  the  more  important.  The  larger  river-arms  would 
build  up  their  banks  by  deposition  of  silt  from  the  muddy  waters  of 
the  flood  which  were  flowing  to  the  sea,  while  the  rich  growth  of 
aquatic  plants  in  the  smaller  channels  and  backwaters  would  have 
prevented  the  entrance  of  the  flood  water  and  so  hindered  deposition 
in  the  intervening  areas.  On  the  banks  of  the  main  channels,  therefore, 
settlements  would  first  be  made  and  cultivation  would  gradually  spread 
down  the  gentle  slope  leading  from  the  channel-bank  to  a  point  at 
which  the  ground  began  to  rise  again  to  the  next  channel.  Here,  too, 
the  range  of  the  water-level  is  much  less  than  in  the  valley  and  thus, 
as  the  cultivable  area  of  the  Delta  increased  by  long-continued  depo- 
sition, the  conditions  approached  somewhat  more  closely  to  those  of 
perennial  irrigation  than  among  the  basin  lands  of  Upper  Egypt. 

Between  the  larger  supply-chaimels  there  long  remained  a  belt  of 
marsh  which  received  the  surplus  water  from  the  sloping  land  on 
either  side,  and  traces  of  these  are  to  be  seen  not  only  in  the  maps  of 
the  Delta  before  the  increased  cultivation  of  cotton  caused  the  recla- 
mation of  uncultivated  land  on  a  large  scale,  but  even  to-day,  when 
lands  which  bear  the  higher  rates  of  land-tax  are  grouped  along  the 
main  streams  and  the  ancient  natural  arms  which  are  now  main 
canals,  while  the  lower  rates  are  confined  to  the  intervening  areas  which 
are  now  being  reclaimed  by  drainage,  and  to  the  desert  margins.* 


*  Compare  Sheet  No.  30  of  the  Map  of  Egypt,  scale,  1  :  100,000,  prepared  by  the  French 
Expedition  of  1798. 
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At  all  times,  the  Delta  contained  a  much  more  tangled  network  of 
water-channels  than  the  valley  where  the  slope  was  greater,  and  even 
to-day  we  may  easily  recognize  on  the  maps  the  twisting  and  irregular 
course  of  the  natural  streams,  which  are  in  strongly  marked  contrast 
to  the  straight  reaches  of  the  modern  canals.  The  main  arms  of  the 
old  Delta  are  in  some  cases  distinguished  to-day  by  the  name  "  bahr  " 
(river)  by  which  they  are  differentiated  from  the  artificially-constructed 
or  maintained  canals,  but  they  are  only  large  and  self-evident  examples 
of  the  numberless  instances  which  exist  throughout  the  Delta  to  show 
that  the  old  natural  channels,  more  or  less  modified,  form  the  greater 
portion  of  the  elaborate  canalization  of  to-day  (Plan  V). 

Many  channels  were  silted  up  as  time  went  on,  and  soon  became 
indistinguishable  from  the  rest  of  the  land,  but  on  the  cadastral  maps 
their  course  may  often  still  be  traced  by  the  lines  of  small  holdings 
which  follow  the  ancient  river-bed,  since  they  were  laid  out  much  later 
than  the  plots  which  occupied  the  banks  (see  Plan  VII).  This  is  not 
peculiar  to  Egypt,  but  the  same  may  be  seen  in  any  delta  or  alluvial 
plain  that  has  been  cadastrally  surveyed. 

The  central  portion  of  the  Delta  is  densely  populated  and  highly 
cultivated,  so  that  we  may  expect  the  land  to  be  greatly  subdivided 
for  some  distance  to  the  north  of  Cairo,  and  it  is,  in  fact,  not  until  we 
get  to  the  northern  portion  or  on  the  desert  margin  that  we  meet 
with  open  tracts  of  land  of  poor  quahty,  where  the  holdings  are  large, 
since  only  landowners  with  capital  at  their  disposal  can  afford  to  carry 
out  the  necessary  works  of  reclamation. 

The  evidence  of  the  ancient  nilometers  *  of  Egypt  tells  us  that  the 
valley  and  the  Delta  have  changed  much  since  they  first  became  suitable 
for  human  settlements.  The  silt  brought  down  annually  by  the  river 
flood  was  for  the  most  part  carried  out  to  sea  as  it  is  to-day,  to  be 
deposited  along  the  seaward  margin  of  the  Delta,  and  to  be  carried 
eastwards  along  the  coast  by  marine  currents ;  but  a  portion  was 
deposited  on  the  flood-plains  of  the  valley  and  on  the  bed  of  the  river 
itself  as  the  current  slackened,  so  that  the  ultimate  result  has  been  a 
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secular  rise  of  both  plain  and  river-bed  which  appears  to  amount  on 
the  average  to  about  10  or  11  centimetres  per  century.  Thus  the 
lands  which  were  cultivated  in  the  Old  Empire  are  now  covered  by 
two  metres  of  Nile  mud,  and  the  river-channel  of  to-day  is  often  in  a 
very  different  part  of  the  valley  to  that  which  it  once  occupied.  The 
well  at  Edfu  temple  in  which  the  nilometer  scale  is  cut  is  now  far 
from  the  river,  though  it  must  formerly  have  been  close  to  it ;  the 
division  of  the  village  of  Badreshein,  in  the  province  of  Giza,  which  is 
still  known  as  the  "Hod  of  the  Nilometer  "  is  now  some  1,600  metres 
from  the  river,  but  must  once  have  been  on  its  bank  when  the  nilo- 
meter of  Memphis  was  still  in  use.  By  slow  erosion  of  its  banks  the 
river  is  continually  shifting  its  bed,  and  the  determination  of  such 
loss  of  land,  as  well  as  the  measurement  of  that  which  was  newly 
deposited,  has  always  formed  a  part  of  the  duties  of  the  land-mea- 
surer ;  the  procedure  also  for  relieving  such  eroded  land  of  tax  and 
for  distributing  that  which  had  been  newly  formed  took  shape  at  a 
very  early  period,  and  in  a  country  where  riparian  lands  formed  so 
considerable  a  proportion  of  the  whole,  cases  of  this  nature  were  a 
very  frequent  cause  of  dispute. 

The  remarkable  regularity  of  the  meteorological  conditions  and 
consequently  of  the  river  regimen  has  left  its  mark  on  the  people  and 
their  customs.  The  deserts  which  bound  the  Nile  Valley  on  the  east 
and  west,  and  the  marshes  of  the  Delta  on  the  north  cut  off  for  many 
centuries  the  Egyptians  from  the  influence  of  neighbouring  nations, 
while  the  single  route  which  led  along  the  eastern  side  of  the  Delta  into 
Asia  was  far  from  furnishing  an  easy  or  convenient  line  of  communica- 
tion. The  Nile  to  the  south  was  interrupted  by  the  second  and  third 
cataracts  and  in  this  part  of  its  course  its  valley  plain  is  narrow  and 
sparsely  cultivated.  All  these  factors  assisted  the  Egyptians  to  keep 
themselves  aloof  from  the  nations  which  were  nearest  to  them  and 
made  them  more  conservative  in  their  customs.  The  result  of  such  a 
development  in  an  enclosed  region,  comparable  in  many  respects  with 
a  mountain  valley  cut  off  from  its  neighbours  by  high  ranges  and 
difficult  passes,  was  accentuated  by  the  climatic  and  hydrographic 
conditions.  A  climate  which  was  favourable  to  vegetable  growth  at 
all  times  of  the  year  if  water  was  obtainable,  and  an  annual  flood 
which  occurred  with  the  greatest  regularity,  seldom  varying  more  than 
two  or  three  weeks  from  the  average  date,  has,  from  the  earliest  times, 
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caused  an  invariability  in  the  field  seasons  which  has  reacted  on  the 
character  of  the  people. 

This  unvarying  cycle  of  their  water-supply,  of  their  agriculture,  and 
consequently  of  their  domestic  life,  combined  with  the  freedom  from 
immigration  which  the  deserts  and  the  Delta  swamps  ensured,  laid  the 
foundations  of  that  conservatism  of  custom  and  character  for  which 
the  Egyptians  were  noted  in  ancient  times.    Nor  has  this  greatly 
changed,  and  there  exist  to-day  in  every  phase  of  Egyptian  life  traits 
which  have  come  down  from  early  times  almost  unaltered ;  the 
examples  furnished  by  the  science  of  land-measurement  are  as  striking 
as  any  that  we  know.    The  inundated  flood-plains  were  sown  imme- 
diately the  water  had  subsided — as  soon  as  the  property  boundaries 
could  be  recognized  in  the  wet  mud — after  which  no  further  labour 
was  necessary  until  harvest.    On  lands  to  which  the  canals  led 
water,  a  part  of  each  holding  had  to  abut  upon  the  canal  or  a 
subsidiary  distributing  channel,  since  in  the  absence  of  all  rainfall  the 
river  water  alone  made  the  growth  of  crops  possible.    The  cultivator 
whose  supply  of  water  had  to  pass  through  a  neighbour's  land  before 
reaching  his  own  was  at  the  mercy  of  the  latter  ;  and  consequently  we 
find  as  a  general  rule  that  plots  of  land  lie  at  right  angles  to  the  direction 
of  the  supply-channel.    In  the  earliest  times  these  were  branches  of  the 
main  stream,  bends  which  had  been  cut  off  from  it,  or  parallel  channels 
flowing  in  the  lower  lands  at  the  sides  of  the  flood-plains,  but  as  civiliza- 
tion advanced,  canals  were  made  and  the  older  natural  channels  were 
either  modified  or  utilized  in  the  general  scheme  of  water  distribution. 

In  basin  lands  which  received  an  aimual  flooding  and  were  not 
supplied  with  water  throughout  the  year  by  canals,  plots  are  arranged 
variously  without  reference  to  water-supply,  but  they  follow  instead 
certain  main  lines  which  have  been  found  convenient  for  dividing  up 
the  land  (see  Plan  VIII). 

Of  late  years  the  introduction  of  perennial  irrigation  throughout  a 
large  part  of  the  country  has  introduced  modified  conditions  which 
have  somewhat  simplified  the  surveyor's  work.  Instead  of  a  few 
large  supply-canals,  there  is  a  network  of  small  canals,  subsidiary  water- 
channels,  and  even  little  runnels  of  water  which  irrigate  each  holding. 
Since  the  land  is  no  longer  inundated  annually,  but  receives  water 
throughout  the  year,  field  boundaries  have  not  now  to  be  laid  down 
each  time  that  a  crop  is  sown,  but  the  small  water-channels  have  con- 
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siderable  permanency,  and,  though  they  are  not  so  distinctive  a  topo- 
graphical feature  as  hedges,  still  they  divide  up  the  land  into  parcels 
which  do  not  vary  annually,  and  they  can,  therefore,  be  usefully 
indicated  on  the  map.  In  a  country  where  it  is  as  yet  impracticable 
to  oblige  landowners  to  mark  the  boundaries  of  their  properties  in  a 
permanent  manner,  even  such  features  as  these  are  of  great  assistance. 

The  long  and  narrow  shape  of  the  Nile  Valley,  lying  very  nearly 
north  and  south,  may  well  be  expected  to  have  left  its  mark  on  the 
customs  of  its  inhabitants.  Towards  the  east  and  west,  the  directions 
to  which  the  rising  and  setting  of  the  heavenly  bodies  draw  the  atten- 
tion of  most  primitive  peoples,  the  Egyptian  of  the  Nile  Valley  was 
greatly  restricted  ;  after  a  few  hours'  journey  at  the  most,  he  reached 
the  limits  of  the  cultivated  land,  and  beyond  this  rose  usually  the 
limestone  cliffs  which  could  only  be  ascended  here  and  there  by  steep 
footpaths.  To  the  northward  and  the  southward,  on  the  other  hand, 
lay  the  towns  and  villages  of  his  countrymen,  while  the  river  fur- 
nished a  convenient  line  of  communication  and  a  cheap  means  of 
transport ;  north  and  downstream,  south  and  upstream,  were  for  him, 
therefore,  synonymous,  and  in  ancient  times  as  at  the  present  day, 
the  cardinal  points  of  the  horizon  were  more  often  used  in  indicating 
the  position  of  objects  than  in  countries  where  the  direction  of  the 
natural  features  are  less  sharply  defined.  But,  at  one  portion  of  its 
course  in  Upper  Egypt,  between  Qena  and  Baliana,  the  river  turns 
sharply  westwards  and  even  flows  in  some  of  its  bends  from  north 
to  south  for  a  short  distance,  so  that  the  conventional  use  of  up-  and 
downstream  as  the  equivalent  of  south  and  north  no  longer  holds 
good.  Nevertheless,  they  were  and  still  are  so  used,  a  custom  which 
greatly  adds  to  the  diflBculty  of  locating  land  from  the  descriptions 
given  in  the  old  title-deeds  of  this  part  of  the  country,  where  the 
northern  and  southern  boundaries  are  in  consequence  reversed  by 
adhering  to  this  ancient  formula.  Property  limits  are  not  alone 
concerned  in  this,  for  near  Dishna,  in  Qena  province,  the  village  of 
Fau  Bahari  (the  northern)  lies  to  the  south  of  Fau  Qibli  (the  southern), 
being  downstream  of  it,  and  the  same  relation  holds  between  El 
Halfaia  Qibli  and  El  Halfaia  Bahari  on  the  other  bank  of  the  river ; 
similarly,  the  southern  village  of  Naga  el  Nizeila  lies  to  the  north  of 
the  middle  one  (^Yustani)  while  the  northern  one  no  longer  exists, 
removed  perhaps  by  the  encroachment  of  the  river  bend  (see  Plan  IX). 
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The  geographical  conditions,  then,  with  which  the  surveyor  has  to 
deal  are  of  a  very  special  character.  The  rainless  climate  renders 
cultivation  impossible  beyond  the  reach  of  the  waters  of  the  river ; 
the  alluvial  flood-plains  are  bounded  by  desert  cliffs  or  the  more  gentle 
slopes  of  the  desert  margin,  but  both  are  equally  out  of  reach  of  the 
river  water  except  by  pumping  it  at  a  heavy  cost.  Thus  work  is  con- 
fined to  a  narrow  belt  of  land  and  the  large  triangles  of  continental 
surveys  are  usually  impracticable.  The  alluvial  character  of  the 
flood-plains  and  Delta,  unbroken  by  higher  ground,  simplifies  work  by 
removing  all  questions  relating  to  slope  and  relative  height,  but  at  the 
same  time  favourable  points  for  triangulation  are  not  always  easy  to 
find,  and  in  many  parts  of  the  Delta  trees  greatly  interrupt  the  view. 

The  fertility  of  a  country  which  enjoys  a  climate  favourable  to  plant 
growth  tliroughout  the  year  is  limited  only  by  the  quality  of  the  soil 
and  the  water-supply  available,  and  consequently  Egypt  has  always 
been  highly  cultivated  in  the  neighbourhood  of  the  river  and  its 
branches.  Carrying  in  some  parts  two  and  even  more  crops  a  year 
and  receiving  annually  a  supply  of  fresh  virgin  soil  on  the  inundated 
land  in  the  form  of  the  fine  silt  deposited  by  the  flood  water,  this  land 
has  always  been  able  to  support  a  dense  population  and  consequently 
the  individual  holdings  are  small.  All  the  available  ground  being 
required  for  crops,  grazing  lands  do  not  exist ;  and  hedges,  fences  and 
all  similar  boundary  marks  are  absent.  The  surveyor  has,  therefore, 
to  deal  with  a  country  which  is  practically  level ;  which  is  carrying 
crops  whenever  and  wherever  the  necessary  water  is  obtainable ; 
which  is  much  subdivided,  being  owned  in  very  small  portions ; 
of  which  large  areas  are  annually  inundated  and  thus  cannot  be 
surveyed  during  four  months  of  the  year  ;  where  property  boundaries 
are  not  permanently  marked ;  and  where  erosion  and  deposition  by 
the  waters  of  the  annual  flood  cause  considerable  changes  in  the 
riparian  lands.  At  the  same  time  soil  of  such  richness  and  fertility 
is  of  much  value,  and  accuracy  of  measurement  is  essential.  Title- 
deeds  are  and  have  long  been  made  out  to  single  sahms  (7*29  square 
metres),  though  certainly  the  measurements  on  which  they  were  based 
were  of  very  moderate  precision. 

Not  only  are  the  flood-plains  of  the  valley  cultivated,  but  also  the 
sloping  banks  of  the  river,  and  the  low  islands  and  sandbanks  which 
are  uncovered  as  the  river  falls. 
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This  class  of  land  has  to  be  measured  and  divided  up  annually, 
since  the  area  varies  with  the  water-level  and  with  the  results  of  the 
erosion  and  deposition  that  the  river  has  effected.  The  annual 
measurement  of  such  land  is  carried  out  by  local  officials,  but  during 
the  cadastral  survey  this  class  of  flooded  lands  caused  great  incon- 
venience, for  the  urgent  necessity  for  completing  the  survey  of  a 
province  by  a  given  date  sometimes  led  to  the  registers  being  prepared 
before  the  river  had  sunk  to  its  lowest  level,  and  the  lands  which  were 
thus  left  unmeasured  had  to  be  surveyed  subsequently. 

The  crops,  too,  very  largely  determine  the  seasons  when  land  can  be 
surveyed,  for  the  "durra"  crop  in  October  and  November  and  the 
sugar-cane  during  December  and  January  form  a  complete  obstacle 
to  either  traversing  with  the  theodolite  or  land-measuring  with  the 
chain.  Both  of  these  grow  three  and  four  metres  high  and  form  dense 
masses  of  vegetation  which  occupy  a  very  considerable  area.  It  is 
also  both  undesirable  and  inconvenient  to  work  in  areas  which  are 
planted  with  cotton  when  the  plants  are  well  grown,  that  is  at  the 
end  of  the  summer. 

In  all  surveying,  or  making  measurements  of  portions  of  the  earth's 
surface,  the  geographical  conditions  must  be  the  predominant  factor 
in  determining  the  most  suitable  method.  The  difficulties  which  the 
measurement  of  land  in  Egypt  presented  to  the  ancient  Egyptians 
5,000  and  more  years  ago  differed  but  little  from  those  which  were 
dealt  with  by  the  surveyors  of  Grseco-Roman  times,  whose  results  are 
preserved  in  the  papyri  from  the  Fayum,  Bahnessa  and  other  places ; 
by  the  surveyors  after  the  Arab  conquest,  and  in  the  later  times  when 
modern  engineering  came  to  the  assistance  of  more  ancient  methods  of 
irrigation;  finally,  we  are  endeavouring  to  deal  with  identical  problems 
to-day. 

The  geographical  factors  which  have  just  been  recapitulated  have 
determined  once  for  all  a  state  of  things  which  the  surveyor  must, 
consciously  or  unconsciously,  take  into  account  if  his  work  is  to  be 
satisfactory,  and  they  may  be  summarized  as:-a  narrow  belt  of  country 
where  holdings  are  unusually  small  and  highly  cultivated ;  where  the 
land  is  of  much  value  as  being  capable  of  supporting  a  dense  popula- 
tion, but  only  in  so  far  as  the  water  of  the  Nile  is  readily  accessible. 

The  method  of  land-measurement  once  decided  upon  in  early 
times  would  be  rapidly  improved  and  developed  by  constant  practice, 
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since  the  land  had  to  be  re-measured  annually  after  the  waters  of  the 
inundation  had  receded  ;  for,  as  abeady  explained,  the  whole  country 
was  at  first  under  a  more  or  less  primitive  form  of  basin  irrigation,  and 
only  the  banks  of  the  river  would  be  sufficiently  high  to  be  cultivated 
during  the  flood  season. 

From  very  early  times  Egypt  was  divided  into  provinces  or  districts 
for  purposes  of  administration,  and  within  these  the  village  was  the 
unit.  References  exist  to  the  boundaries  of  these  districts,  and  in 
laying  out  those  of  his  new  city  near  Tel  el  Amarna,  Ikhnaton 
(B.C.  1580)  describes  the  numerous  boundary  stones  which  he  caused 
to  be  erected  (see  page  50). 

The  division  of  the  country  into  the  present  provinces  (Mudirias) 
is  not  of  ancient  date.  The  village,  however,  is  the  real  geogra- 
phical unit,  and  the  majority  of  villages  in  Egypt  are  certainly  of 
great  antiquity ;  their  names  have  been  modified  as  the  language  of 
the  population  changed,  but  the  village  site  remained  the  same.  Of 
the  permanence  of  their  boundaries  nothing  can  be  said,  since  no 
maps  more  than  twenty -five  years  old  exist  on  which  they  are  shown, 
but  there  is  undoubtedly  much  of  historic  interest  to  be  recovered  by 
anyone  who  will  work  on  the  maps  recently  published  when  studying 
the  past  history  of  the  country. 

The  land  is  very  unequally  divided  up  into  villages  which  vary  in 
size  from  a  few  tens  of  feddans  up  to  several  thousands.  In  each 
group  of  village  lands  which  are  recorded  in  a  single  land-register 
there  may  be  numerous  hamlets,  and  one  of  these  is  taken  as  giving 
its  name  to  the  village  as  regarded  from  a  revenue-producing  point  of 
view.  Where  villages  are  very  large  they  are  frequently  subdivided 
for  purposes  of  public  security 'and  control  by  the  Ministry  of  the  Inte- 
rior, but  this  affects  only  the  hamlets  and  their  inhabitants,  who  are 
grouped  under  the  authority  of  different  sheikhs ;  the  lands  are  not 
delimited  according  as  they  are  owned  by  the  inhabitants  of  the 
hamlets,  but  remain  included  in  the  total  area  of  the  principal  village. 

On  the  whole  the  village  boundaries  appear  to  have  been  fairly 
stable  in  past  years  and  the  boundaries  are  indicated  without  much 
difficulty,  although  at  the  time  of  survey  a  village  omda  will  sometimes 
try  to  have  a  tract  included  with  the  limits  of  his  village  in  order  to 
increase  the  range  of  his  authority ;  but  usually  cases  of  difficulty 
only  arise  when  the  lands  of  two  villages  are  much  intermixed. 
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From  time  to  time  in  the  past  proprietors  who  owned  land  in  different 
villages  found  it  convenient  to  pay  their  taxes  and  settle  similar  busi- 
ness in  a  single  village,  so  that  a  dweller  in  one  village  would  arrange 
that  the  plots  he  owned  in  villages  B,  C  and  D  should  be  included  in 
the  village  register  of  A  where  he  probably  lived.  So  long  as  taxes 
were  collected  and  questions  investigated  by  the  aid  of  registers  alone 
the  matter  was  not  of  so  much  importance,  but  when  maps  were 
prepared  the  inconvenience  of  having  plots  of  land  belonging  to  one 
village  scattered  throughout  dozens  of  surrounding  villages,  sometimes 
many  kilometres  away,  became  very  apparent.  During  the  present 
survey,  therefore,  such  isolated  portions  of  land  have  been  included  in 
the  register  of  the  village  in  which  they  lay.  Work  was  often  much 
delayed  by  the  necessity  of  doing  this,  since  a  village  could  not  be 
completed  until  all  surrounding  villages  in  which  portions  of  its  land 
lay  had  been  mapped  in  order  to  ensure  the  correct  area  being  deducted 
from  the  one  and  added  to  the  other. 

Another  difficulty  which  arose,  especially  in  Upper  Egypt,  was  due 
to  the  lands  of  a  village  being  owned  partly  by  the  Moslem  and  partly 
by  the  Coptic  inhabitants.  This  has  been  a  fruitful  source  of  dis- 
agreement in  the  past,  and  the  matter  had  sometimes  been  settled  by 
compiling  two  registers,  in  one  of  which  the  lands  of  the  Moslem 
proprietors  were  recorded,  and  in  the  other  those  of  the  Copts. 
Different  village  names  may  be  employed  for  each,  as  for  instance  in 
the  district  of  Simbellawein  where  the  Moslem  portion  of  a  village 
was  called  El  Balamun,  the  Coptic  portion  being  known  as  Kafr 
Yusef  Awad.  These  portions  were  not  divided  by  any  boundary, 
whether  defined  or  undefined,  but  individual  plots  were  intermixed 
throughout  the  village,  though  they  were  sometimes  sorted  out  into 
two  different  registers  (see  Plan  X).  Such  an  arrangement  was  highly 
inconvenient  for  the  re-assessment  of  land-tax  but  in  most  cases  a 
definite  boundary  was  only  agreed  upon  after  much  discussion. 

Village  areas  differ  widely  in  their  shape,  which  is  controlled  by 
many  factors,  and  it  is  probable  that  careful  study  would  throw  much 
light  on  the  causes  which  have  contributed  to  form  them  and  would 
indicate  which  of  these  have  been  of  especial  importance.  In  the 
southern  portion  of  the  valley,  the  pro\'ince  of  Aswan,  where  the 
cultivable  strip  on  either  bank  is  narrow,  the  inhabitants  have  settled 
on  the  river  bank  and  then  cultivated  the  alluvial  plain  towards  the 
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desert.  The  width  of  this  plain  is  often  too  small  for  any  considerable 
development  of  irrigation  canals  and  a  single  supply-channel  which 
brings  the  silt-laden  water  of  the  flood  to  the  lands  away  from  the  river 
is  often  all  that  exists.  The  village  lands,  therefore,  stretch  from  river 
to  desert,  and  when  this  belt  is  very  narrow  the  village  area  extends 
for  some  distance  along  the  bank  in  order  to  include  sufficient  land 
to  support  the  inhabitants  of  the  village  (see  Plan  XI). 

Even  where  the  flood-plain  is  wider,  as  in  the  neighbourhood  of  Qus 
and  Qift,  the  same  development  of  boundaries  may  be  seen,  but 
beyond  the  village  lands  which  abut  upon  the  river  bank  there  are  a 
number  of  scattered  hamlets  situated  near  the  limits  of  the  plain,  and 
cultivating  large  tracts  of  the  poorer  lands  which  are  to  be  found 
there.  Wells  are  very  largely  used  by  these  villages  on  account  of 
their  distance  from  the  river,  for  no  perennial  canals  yet  exist  in  this 
part  of  the  valley  (see  Plan  XII). 

Further  north,  in  the  southern  part  of  Girga  province  and  in  the 
portion  of  Qena  which  adjoins  it,  the  lands  of  different  villages  interlace 
with  each  other  in  so  remarkable  a  manner  that  it  is  difficult  to  believe 
that  it  is  not  due  to  some  definite  cause.  The  most  probable  explana- 
tion is  that  a  landowner  in  one  village  obtained  by  purchase  or 
inheritance  a  plot  or  plots  in  the  next  village  and  for  his  convenience 
arranged  for  their  transfer  to  the  register  of  his  village.  Thus  the 
village  boundary  was  altered  and  as  most  of  the  plots  in  the  basin 
lands  are  long  and  narrow  it  gradually  acquired  the  irregular  form 
shown  in  the  plan.  The  resulting  boundaries  (see  Plan  XIV)  are  most 
inconvenient  in  their  irregularity,  but  strong  opposition  was  offered 
by  the  inhabitants  to  all  proposals  for  simplifying  them. 

In  southern  Girga,  villages  line  the  bank  and  the  desert  margin, 
while  others  are  built  in  the  middle  of  the  plain,  where  they  stand  as 
islands  during  the  inundation  ;  their  lands  are  in  rather  elongated  areas 
stretching  from  those  of  the  riparian  villages  on  the  one  hand  to  those 
of  the  desert  edge  on  the  other  as  though  they  had  extended  down  the 
slope  of  the  flood-plain  towards  the  low-lying  lands.  In  the  great 
basin  lands  of  north  Girga  and  Assiut,  the  same  kind  of  arrangement 
occurs  of  villages  on  the  river  bank  and  the  desert  edge  with  others  at 
wider  intervals  on  the  flood-plain  between.  These  latter  are  either 
arranged  along  the  banks  which  divide  the  land  into  basins  into  which 
the  flood  waters  flow,  or  stand  isolated  in  the  centre  of  a  basin  ;  in  this 
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case  the  village  is  usually  a  large  one  and  not  improbably  one  which 
was  once  on  the  bank  of  some  river  branch  which  has  since  disappeared ; 
once  established,  it  would  be  more  convenient  to  enlarge  an  existing 
village  than  to  commence  another  on  land  which  was  annually  flooded 
(see  Plan  XIII). 

Being  a  unit  complete  in  itself  for  revenue  purposes,  each  village 
had  to  be  surveyed  separately,  since  the  village  authorities  and  the 
inhabitants  have  to  be  constantly  referred  to,  and  it  greatly  simplified 
the  work  to  prepare  the  maps  by  villages  in  the  same  way.  This  was 
always  done  up  to  1900,  but  as  soon  as  the  triangulation  was  suffi- 
ciently advanced  a  series  of  map-sheets  was  prepared  having  continuous 
sheet  lines,  so  that  every  sheet  was  full  of  detail  and  portions  of 
several  villages  might  appear  on  one  sheet.  This  additional  work  was 
fully  compensated  for  by  the  gain  in  accuracy,  for  not  only  were  the 
maps  more  convenient  for  reference,  but  it  ensured  the  common 
boundaries  of  the  villages  being  carefully  checked. 

Coming  to  the  smallest  geographical  unit,  the  holding  or  plot,  we  find 
in  it  several  characteristics  which  are  very  intimately  connected  with 
the  surveyor's  work,  and  which  necessitate  special  consideration.  The 
first  and  most  important  of  these  is  its  size ;  the  land  is  for  the  most 
part  extremely  subdivided,  as  the  following  table  will  show  : — 


Pkovince. 


Beh(sira... 
Gliarbia .. 
Menufia .. 
Qaliubia.. 
Da(iahlia. 
Giza  ... 
Fayuin ... 
Bt-ni  Suef 
Minia  ... 
Assiut  ... 
Girga  ... 
Qena  ... 
Aswan  ... 


Total 
No.  of  Plots. 


rEltCENTAOK  OP  I'LOTS. 


under  12  (lirats 
or  (0'21  hectare) 


Mean. 


Under  re-survey 

271,019  25 

201,927  34 

89,379  36 

184,147  32 

101, 1(59  34 

125,125  44 

132,008  44 

123,. 5.34  38 

251,883  41 

217,679  39 

200,605  41 

38,739  40 

  37 


l)(?tween 
12  qiratH  and 
5  fedduns 
(0-2lto2-Uiectare8) 


65 
62 
51 
58 
59 
50 
50 
51 
54 
56 
53 
50 

55 


above  5  feddaiis 
(2-1  hectares) 


10 

4 
7 

10 
7 
6 
6 

11 
5 
5 
6 

10 
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Besides  this  a  considerable  number  of  plots  are  owned  by  two  or 
more  persons  in  share  but  without  any  definite  boundary  between  their 
respective  portions  having  been  agreed  upon.  In  Sharqia,  where  such 
ownership  in  share  was  specially  investigated,  43,000  out  of  160,700 
plots  were  found  having  two  or  more  owners,  who  had  certain  pro- 
prietary rights  over  them.    Further  details  are  given  in  chapter  XVII. 

The  shape  of  the  holdings  varies  considerably,  but  the  rectangular 
form  or  a  close  approximation  to  it  far  outnumbers  the  others. 
At  times  the  ratio  of  length  to  breadth  is  as  much  as  300  or  400  to  1, 
but  such  extremely  long  and  narrow  plots  are  exceptional.  They  are 
not  peculiar  to  this  country,  but  are  to  be  met  with  for  instance  in 
Northern  Prussia.  Their  origin  is  readily  accounted  for ;  where  supply 
canals  lie  far  apart,  large  properties  stretch  from  one  to  the  other  for 
facihty  of  irrigation.  When  these  properties  are  divided  among  heirs, 
strips  of  land  of  the  full  length  of  the  property  are  formed  and  this 
process  of  subdivision  will  go  on  until  the  breadth  of  the  holdings  be- 
comes so  small  that  crops  have  to  be  sown  and  harvested  in  groups  of 
several  plots.  A  more  successful  or  influential  landowner  may  perhaps 
acquire  many  of  these  strips,  thus  re-constituting  the  large  property 
which  may  again  in  time  be  subdivided  in  the  same  way  as  before.  The 
necessity  for  access  to  a  supply  channel  in  this  country,  and  perhaps 
to  a  drainage  channel  in  Northern  Europe,  explains  why  the  length 
of  the  holdings  is  maintained.  In  some  parts  of  the  country  the  plots 
are  less  commonly  rectangular  but  are  very  irregular  in  shape,  as  in 
the  Fayum  where  the  comparatively  steep  fall  of  the  ground  from  the 
Nile  Valley  to  the  Birket  Qarun  causes  the  watercourses  to  flow  in  the 
meandering  form  of  natural  streams  rather  than  in  the  straight 
reaches  of  artificial  canals,  (Plan  XXVII),  In  the  poorer  land  of  the 
northern  delta  irregular  shapes  are  common,  having  originated  either 
from  cultivation  having  begun  as  isolated  patches  on  the  more  favour- 
able spots,  or  in  other  places  having  been  determined  by  the  winding 
water-channels  of  the  low  deltaic  flats  before  scientific  methods  of 
reclamation  had  been  introduced.  Where  these  are  being  employed 
straight  rectangular  plots  bounded  by  a  regular  system  of  supply  and 
drainage  channels  predominate  (Plan  VI).  The  subdivision  of  the  less 
regularly  shaped  plots  has  also  produced  numerous  triangular  pieces 
of  land  which  arc  unsuited  to  the  old  methods  employed  for  computing 
field  areas. 
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CHAPTER  III. 
Units  of  Length  and  Area. 

Herodotus  speaks  of  Egypt  as  being  the  original  home  of  land- 
measurement,  in  which  the  science  of  geometry  was  first  developed 
by  reason  of  the  necessity  for  determining  the  property  boundaries 
by  re-measuring  the  land  after  the  annual  inundation  had  receded 
and  determining  how  much  the  river  had  eroded.*     It  is  hardly 
possible  to  say  whether  this  statement  is  exact  in  the  form  in  which 
it  stands,  but  there  can  be  little  doubt  that  the  fertile  valleys  of  the 
Euphrates  and  the  Nile  were  among  the  first  in  which  an  early  civiliz- 
ation felt  the  need  of  some  means  of  determining  accurately  the  area 
of  the  cultivated  land.    This  would  arise  as  soon  as  the  population 
had  increased  sufficiently  to  cultivate  most  of  the  land  that  was 
suitable  for  tilling,  and,  from  the  evidence  which  has  been  adduced 
in  the  last  chapter,  it  appears  as  though  but  a  portion  of  the  present 
valley  could  have  been  so  utilized  at  the  beginning  of  the  historic 
period,  so  that  an  increasing  population  would  soon  occupy  the 
more  fertile  portions  and  the  definition  of  boundaries  would  assume  a 
practical  importance  sooner  than  in  larger  areas.    Traces  of  man's 
culture  are  so  well  preserved  in  a  rainless  country  that,  if  they  are 
buried  out  of  reach  of  the  river  flood,  they  may  remain  unharmed 
for  thousands  of  years  until  brought  to  light  by  modern  archocological 
investigations ;  it  is  to  this  circumstance  that  we  owe  our  knowledge 
of  the  methods  used  by  the  earliest  civilizations  in  dealing  with  the 
land  they  owned  and  cultivated.    There  is  no  reason  to  suppose  that 
land-measurement  did  not  exist  in  many  another  alluvial  plain  or 
valley  in  remote  times,  but  the  traces  of  it  have  disappeared,  and  at 
any  rate  the  necessity  for  it  would  be  greater  where  the  area  was 
limited  and  the  population  dense.    Egypt,  by  its  isolated  position  in 
the  midst  of  trackless  deserts,  was  peculiarly  fitted  for  rapidly  develop- 
ing this  science,  since,  in  the  first  place,  the  area  of  cultivable  land  in 
the  narrow  valley  was  always  limited  by  the  desert  and  by  the  marshes 
of  the  river,  and,  secondly,  free  from  immigration  or  invading  tribes, 
the  methods  suited  to  the  requirements  of  the  case  would  be  quickly 


•  Cf.  Herodotus,  Bk.  II,  109. 
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evolved  and  then  long  retained  without  alteration.  If  the  settlements 
of  predynastic  age  which  have  been  so  much  investigated  of  recent 
years  are  primarily  those  of  a  hunting,  fishing  and  pastoral  population, 
agriculture  must  have  been  extending  and  must  already  have  attained 
a  considerable  development  in  the  later  part  of  this  period,  since  we 
find  it  in  the  early  historic  dynasties  to  be  the  most  important  employ- 
ment of  the  people  ;  the  provision  for  ploughing,  sowing  and  harvesting 
in  the  future  life,  which  was  made  in  tombs  as  early  as  3000  B.C., 
indicates  a  very  early  date  for  the  beginning  of  agriculture  in  the 
valley. 

As  soon  as  we  meet  with  written  records  of  this  people  we  find  that 
the  principal  unit  of  length,  the  cubit,  together  with  its  subdivisions, 
was  already  in  use,  for,  on  the  Palermo  Stone*  are  recorded  not  only 
the  principal  events  of  each  year  of  each  king's  reign  in  the  first  four 
dynasties,  but  also  the  height  of  the  Nile  flood  as  measured  annually 
on  the  scale  of  some  nilometer.  Not  only  whole  cubits,  but  its  sub- 
divisions, the  span,  the  palm,  and  the  finger,  were  used,  so  that  even 
at  this  remote  time  the  system  of  measures  was  fully  developed  and 
must  have  been  already  long  in  use. 

Both  a  long  and  a  short  cubit  were  employed  in  Egypt,  besides  the 
"  upper  arm  "  and  these  three  stood  to  each  other  in  the  proportion  of 
7:6:5.  As  subdivisions  of  the  cubit  there  were  the  "  span,"  the 
"  handsbreadth,"  and  the  "  finger,"  this  last  being  even  subdivided 
as  low  as  one-sixteenth.  These  subdivisions  are  derived  from  several 
inscribed  examples  of  cubit  rods  which  have  been  found  in  ancient 
tombs  and  a  series  of  them  has  been  described  by  Lepsius  in  a  memoir 
on  the  subject.f    He  gives  the  following  fractions  of  a  cubit  J  : — 


I)alms. 

metre. 

meh  suten 

or 

royal  cubit 

7 

0-525 

nieh  net's 

)5 

short  cubit 

6 

0-450 

remen 

)> 

upper  arm 

5 

0-375 

t'eser 

4 

0-300 

pet  aa 

?) 

great  span 

3^ 

0-262 

pet  net's 

5) 

small  span 

3 

0-225 

handsbreadth 

n 

0-094 

shep 

)5 

palm 

1 

0-075 

t'ba 

»> 

digit 

i 

0-019 

*  ScHAFKK.  Abhandlungen  d.  konigl.  preuss.  Akademie  1902  ; 

Naville.  "Recueil  de  travaux  arcWoIogiques."  1903,  p.  6-t. 
t  "  Ueber  die  altiigyptische  EUe  und  ihre  Eintheilung."    Berlin,  1S65. 

t  See  also  Gkipfith,  "Proc.  Soc.  Bib.  Archaiology  theilung,"  1892,  p.  433  ff.  for  much  infor- 
mation on  Egyptian  weights  and  measures.  3 
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F  In  land-measurement  the  fractions  of  the  cubit  are  not  needed,  but 
its  length  is  important  as  the  basis  of  the  larger  measures  of  length  and 
of  those  of  area.    From  the  copies  of  the  cubit  which  he  described, 
Lepsius  obtained  a  mean  length  of  0-525  metre,  and  Professor  Flinders 
Petrie  determined  the  length  of  the  cubit  on  the  rods  to  be  20-65 
inches  or  0-526  metre.    Besides  this  source  of  information  the  length 
may  also  be  derived  from  buildings  which  still  exist  and  for  which  we 
have  the  dimensions  stated  in  ancient  Egyptian  measures.  In  this  way 
Professor  Flinders  Petrie  obtained  20-62  inches  or  0-525  metre  for  the 
cubit  used  in  the  construction  of  the  Great  Pyramid ;   a  doorway 
of  Khnumhotep's  tomb  at  Beni  Hasan  (No.  3)  is  stated  to  be  7 
cubits  high,  while  its  measured  height  is  142-7  inches,*  corresponding 
to  a  cubit  of  20-4  inches  or  0-520  metre.    Edfu  Temple,  the  grave  of 
Rameses  IV,  and  other  buildings  give  more  or  less  accordant  results. 
We  might  expect  to  get  even  more  reliable  results  from  the  scales  of 
the  nilometers  which  were  erected  in  all  the  principal  towns  and  of 
which  several  still  exist,  but  a  careful  examination  of  these  has  shown 
that  they  were  often  inaccurate  and  that  no  great  care  was  exer- 
cised in  engraving  them  on  the  masonry  walls  of  the  stairways  in  which 
they  were  placed;  I  a  summary  of  their  lengths  is  given  in  the  following 
table : — 


NiLOMETEE. 

No.  of 
cubit  lengths 

LESGTH  IX  METRES  OP 

longest  cubit. 

shortest  cubit. 

average  cubit. 

Philse  I   

12 

•0-538 

0-510 

0-520 

Philaj  TI   

12 

0-53!) 

0-519 

0-532 

PhilfB  III   

16 

0-545 

0-525 

0-535 

Elephantine  

12 

0-545 

0-517 

0-523 

Edfu   

G 

0-51!) 

0-528 

Fi^na   

i) 

0-,542 

0-500 

0-532 

Luxor   

G 

0-540 

0-520 

0-529 

Thus  the  value  furnished  by  them  is  of  no  high  accuracy,  but  agrees 
reasonably  with  that  derived  from  the  rods  and  the  buildings,  viz., 
0-525  metre  for  the  length  of  the  large  or  royal  cubit. 


*  According  to  Mr.  G.  W.  Fbaser's  observation. 

t  Cf.  BoBCHARDT,  "Nlliuesser  und  Nilstandmarken."  Abhandlungen  d.  koaigl.  preuss. 
Akademie  d.  Wissenschaften.  Berlin,  1906. 


For  measuring  land  the  unit  employed  was  100  royal  cubits  or 
62-5  metres  ;  it  was  termed  the  hhet,  or  khet-n-nuh,  "  the  reel  of  cord," 
since  a  twisted  cord  of  this  length  divided  into  sections  by  knots,  and 
terminated  by  end-pieces,  was  used  to  determine  the  dimensions  of 
properties.*  Such  a  cord  is  shown  in  representations  of  land-measurers 
at  work  on  the  walls  of  tombs,  and  it  is  also  portrayed  in  the  statues 
of  officials  entrusted  with  the  supervision  of  lands  (see  Plates  I,  II, 
and  III).  There  was  also  a  longer  measure,  the  ater,  corresponding 
to  the  schoenus  of  the  Greek  authors,  which  was  used  for  itineraries, 
or  for  describing  long  distances,  and  not  usually  for  surveying  purposes. 
It  is  employed  in  the  inscriptions  on  the  boundary-stones  of  Ikhnaton 
at  Tel  el  Amarna  to  define  the  lengths  of  the  sides  which  enclosed  the 
lands  allotted  to  the  new  city. 

Areas  were  reckoned  in  squares  of  the  khet,  or  100  royal  cubits,  each 
such  square  being  called  in  Egyptian  set  and  in  later  times  by  the 
Greeks  aroura.  It  was  considered  as  being  composed  of  100  "  cubits 
of  land,"  each  of  which  was  100  cubits  long  by  1  cubit  broad.  This 
form  of  the  unit  of  area  was  doubtless  due  to  the  long  and  narrow 
rectangular  plots  being  the  most  convenient  form  in  which  to  divide 
the  land  both  for  ploughing  it  when  holdings  were  small  and  to  retain 
access  to  the  water-channel  which  conveyed  the  flood  water  to  it ; 
the  predominance  of  this  shape  of  holding  at  the  present  day  may  be 
seen  in  any  sheet  of  the  cadastral  map  of  the  country  (see  Plates  VIII, 
and  XXVI)  except  where  local  conditiona  favour  more  irregularly 
shaped  plots,  as  in  the  Fayum,  where  the  slope  of  the  ground  is  consi- 
derable, and  in  the  northern  Delta,  where  land  is  poorer,  and  the 
holdings  are  large  and  bounded  by  windiag  water-channels. 

The  divisions  of  the  set  or  aroura  in  Egyptian  times  were  the  half, 
the  quarter,  and  the  eighth,  after  which  the  cubit  became  the  unit, 
but  in  late  Ptolemaic  times  the  subdivisions  were  continued  to  the 
thirty-second  part,  and  the  Greeks  carried  them  further  to  the  sixty- 
fourth. 

A  half  aroura  was  also  in  use  in  late  Egyptian  times,  and  this  ex- 
emplifies the  approximate  methods  used,  for  it  was  called  remen 
or  the  upper  arm.  The  remen  was  a  measure  of  five  palms,  whereas 
the  royal  cubit  contained  seven  palms,  so  that  their  squares  contained 


*  Measuring  rods  were  also  used  as  well  as  cords. 


—  36  — 


twenty-five  and  forty -nine  square  palms  respectively,  or  a  proportion 
of  nearly  one  to  two.  At  Aniba,  a  village  nearly  opposite  Ibrim  in 
Nubia,  there  are  some  tombs  in  which  the  extent  of  certain  estates  is 
represented  by  notched  rectangles, each  of  which  corresponded,  doubt- 
less, to  a  set  or  aroura.  Small  areas,  such  as  a  well  or  tank,  were 
stated  in  square  cubits. 

There  was  also  a  larger  unit  of  area,  "  the  1,000  of  land,"  which 
consisted  of  ten  arource,  each  of  which  included  100  "  cubits  of  land." 
This  unit  was  the  one  which  was  mostly  employed  in  describing 
property  of  any  size,  and,  being  equal  to  6-5  feddans,  was  in  fertile 
districts  a  valuable  piece  of  land. 

Thus  the  units  in  use  in  ancient  times  for  land-measurement  were : — 

Length. 

Royal  cubit   =  0*525  metres 

Khet  =  100  cubits    =  52" 5  „ 

Ater  =  about  4,000  cubits    =  2,000           „  approx. 

AltliA. 


1  square  cubit   = 

1  cubit  of  land  =  100  square  cubits  = 

1  set  or  aroura  =  lOi)  cubits  of  land  = 

1  "thousand  of  laud"  or  10  aroura)  = 


0*27  square  metres 
27-287     „        „     or3-75sahms  * 
2,728-7        „        „  or0-65feddan 
27,287  „        „     or  6"5  feddans 


The  importance  of  preserving  the  correct  values  of  their  measures 
of  length  and  area  was  fully  recognized  by  the  ancient  Egyptians, 
and  we  find  evidence  of  this  in  their  religious  literature f  where  the 
deceased  is  represented  as  saying,  when  he  enters  the  Hall  of  Truth 
before  the  god  Osiris : — 

"  I  have  not  diminished  the  cubit  measure." 
"  I  have  not  falsified  the  field  measure." 

These  units  of  length  and  area  do  not  seem  to  have  altered  much 
during  the  period  of  Egyptian  history  so  far  as  the  somewhat  meagre 
information  which  remains  enables  us  to  judge.  The  collections  of 
Greek  and  Roman  papyri  which  have  been  recently  found  at  El  Hiba, 
Bahnessa,  in  the  Fayum,  and  at  other  sites  in  Egypt  have  thrown 


•  See  page  40,  and  Appendix  III. 

t  "Boole  of  the  Dead"  ch.  12.">,  quoted  by  Erman  in  "Egyptian  Religion,"  Eng.  trans.,  p.  10 


much  light  on  the  conditions  of  life  in  Egypt  between  the  last  of  the 
Egyptian  kings  and  the  Arab  conquest.  Among  much  other  valuable 
information  which  has  been  preserved  and  which  has  been  unexpectedly 
recovered  of  late  years,  is  a  list  of  the  measures  of  length  which  are 
given  in  a  papyrus  (No.  669)  which  was  found  at  Oxyrhynchus  (Bah- 
nessa)  in  1903  by  Professor  B.  Grenfell  and  Dr.  A.  Hunt,  dating  from 
about  290  A.D.  *  ;  the  measures  are  as  foUows  : — 


metres 

2  palms 

make  a  Xiya?  

0-150 

3  „ 

„     „  (nri8a|xii   

0-225 

i  ., 

,,     

0-300 

5  „ 

„    „  cloth-weaver's  cubit   

0-375 

6  „ 

„    „  public  and  a  carpenter's  cubit   

0-450 

7  „ 

„    „  Nilomoter  or  Royal  cubit   

0-525 

10  „ 

)»    »>  P^ii^-"  or  the  distance  o£  the  outstretched  feet 

C-750 

3  cubits 

„    „  public  ?uXov   

1-575 

4 

» oY"'a  

2-000 

? 

„     „  xaXajAo;   

? 

G| 

„  axaiva  

3-28 

40  ., 

•>  W«  •   

21-0 

96  „ 

„    „  schoenium  of  land-surveying   

50-38 

100  ,. 

„    „  schoenium  

52-50 

The  schoenium,  like  the  Tchel  in  earlier  times,  was  the  side  of  the 
square  aroura  or  set,  and  measured  100  royal  cubits  of  0-525  metre ; 
thus  the  aroura  contained  about  2,729  square  metres,  or  0-65  feddan  as 
already  mentioned;  but  the  papyrus  just  quoted  says  that  the  schoenium 
used  in  land  surveying  was  a  square  of  96  cubits  side — one  probable 
reason  for  the  change  being  the  greater  convenience  in  estimating  the 
thirty-second  and  other  factions  of  the  aroura  ;  given  that  the  cubit 
was  the  same,  this  aroura  would  be  equal  to  2,645  square  metres,  or 
0-634  feddan. 

These  measures  continued  in  use  down  to  the  time  of  the  Arab 
conquest  of  the  country  or  very  nearly  to  that  date,  for  papyri  dating 
from  the  sixth  and  seventh  centuries  contain  references  to  land  of 
which  the  area  is  stated  in  arource.  Papyrus  No.  131  of  those  found 
at  Oxyrhynchus  by  Professor  Grenfell  and  Dr.  Hunt  speaks  of  half 
an  aroura  of  land,  and  is  dated  by  them  as  belonging  to  the  sixth 


*  The  Oxyrhynchus  Papyri,  Part  IV.   Egypt  Exploration  Fund.  London,  1906. 
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or  seventh  century.*  In  an  Arabic  papyrus  from  the  Fayum  (No.  597 
in  the  Vienna  Collection  of  Arabic  Papyrif)  dated  106  A.H.  (724  A.D.), 
a  new  measure  of  area,  the  feddan,  is  mentioned  and  henceforth  com- 
pletely replaces  the  older  measures.  It  is  a  Syrian  word,  fadddna  = 
jugum,  acre,  and  was  derived  originally  from  Babylon — padana  ■— 
plain. 

It  is  not  a  little  remarkable  that  so  radical  a  change  in  the  land 
measures  of  an  agricultural  country  should  have  been  so  quickly 
accomplished,  seeing  how  considerable  an  alteration  was  involved. 
For  the  aroura  of  96  shcenia,  or  2,645  square  metres,  was  introduced 
the  feddan  of  400  square  qassabas  ;  the  divisions  of  the  feddan  were 
the  ^,  ^,  i,  ^,  tV,  A-  Instead  of  being  founded  on  an  arbitrary 
unit  of  length  such  as  the  cubit,  the  feddan  was  primarily  the  area 
which  could  be  ploughed  in  a  day  under  favourable  conditions. 
Though  so  complete  a  change  took  place  in  the  measures  of  length  and 
area,  those  of  capacity  remained  unaltered,  for  the  "  ardeb  "  still 
exists  as  the  descendant  of  the  apra^y.  of  Ptolemaic  times. 

In  a  nilometer  scale  of  late  date  which  was  found  on  a  marble  column 
at  Kom  el  Giza  in  Beheira  J  two  scales  are  engraved ;  in  one  the 
mean  length  of  the  cubit  is  0-575  metre,  the  longest  and  shortest  cubits 
measuring  respectively  0-580  and  0-570  metre ;  in  the  other  the 
corresponding  lengths  are  0-667,  0-670  and  0-663  metre. 

The  feddan  originally  consisted  of  400  square  qassabas,  but  the 
length  of  the  qassaba  varied  considerably ;  it  is  defined  as  being 
equal  to  6  Hashimite  cubits  or  6  f  cubits  known  as  dira'a  el  kerbas,  or 
7  cubits  and  2  palms  of  a  smaller  cubit.  §  Mahmud  Pasha  el  Falaki§§ 
states  that  the  length  of  the  qassaba  in  Roman  times  was  3-94  metres, 
but  he  does  not  state  his  authority  and  is  probably  identifying  it  with 
some  measure  then  in  use,  but  with  insufficient  proof.  He  is  on  firmer 
ground  when  he  gives  the  Hashimite  qassaba  as  equal  to  6  f  dira'a 
beladi  or  3-884  metres.    De  Sacy,  in  the  notes  to  his  translation  of 


*  "  Oxyrhynchiis  Papyri,"  I.  Egypt  Exploration  Fund.  London  1898. 
t  Communicated  by  Dr.  B.  MoniTZ. 

I  Dahessy,  "  Annales  du  Service  des  Antiquitfo,"  Cairo  1906. 
§  Cf.  Sauvairk,  "Journal  Asiatiqua,"  P.iria.  1 i-7,  vols  7,  8,  10. 
§§  "Le  Syst^me  mfitrique  en  Egypte,"  Copenhagen,  1872. 
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Abdellatif's  history,*  quotes  from  the  Annuaire  de  la  Republique 
Fran^aise  (Cairo,  year  IX,  1801)  a  statement  that  the  ordinary  qassaba 
then  in  use  in  Upper  Egypt  was  equal  to  6f  dira'a  beladi,  or  3-85 
metres,  but  that  the  one  used  by  the  Coptic  land-measurers  was  only 
6  J  dira'a ;  their  feddan,  therefore,  contained  about  5,250  square  metres 
against  5,720  in  that  of  the  ordinary  feddan,  or  in  the  ratio  of  0-92  to 
I'OO.  Jomard  states  that  a  legal  qassaba  of  6f  dira'a  beladi,  which 
were  each  equal  to  0-5775  metre  (so  that  the  qassaba  contained  3-85 
metres)  was  found  in  a  mosque  at  Giza  during  Napoleon's  expedition 
and  the  length  was  then  verified.  When  Mohammed  Ali  ordered  the 
cadastral  measurement  of  the  cultivable  lands  in  1813  the  length  of  the 
qassaba  varied  in  different  provinces  but  later  on  it  is  stated  by 
Mengin  t  to  have  been  3-64  metres,  and  Lane  also  notes  that  he  was 
told  by  the  Italian  engineer  Masi,  who  was  employed  on  this  survey 
about  1823,  that  the  qassaba  equalled  3-64  metres. 

At  this  time  there  were  undoubtedly  many  lengths  of  the  qassaba 
since  it  varied  in  different  parts  of  the  country,  and  with  the  choice 
of  the  measurer  ;  that  of  3-64  metres  used  by  Masi  J  was  very  probably 
the  mean  length  of  those  which  he  found  in  use  by  the  inhabitants  of 
the  villages  which  he  surveyed  in  Sharqia.  It  was  not  until  1861  that 
a  decree  dated  15th  Zil  Qaada,  1277  A.H.,  was  signed  by  Said  Pasha, 
defining  the  qassaba  as  a  length  equal  to  3-55  metres,  and  then  for  the 
first  time  the  feddan  became  a  definite  unit  of  area  equal  to  333  ^  square 
qassabas,  each  containing  12-6025  square  metres.  We  find  that  several 
lengths  were  in  use  between  1813  and  1861  besides  that  of  3-64  metres 
used  by  Masi ;  Wilkinson  found  it  in  1825  to  be  from  11  feet  1^  inches 
to  11  feet  4 J  inches,  or  from  3-54  to  3-48  metres.  This  is  considerably 
less  than  that  of  Masi,  but  agrees  well  with  that  still  used  in  the 
villages  of  Upper  Egypt.  In  Bahgat  Pasha's  Cadastre  of  1270-1276 
A.H.  (1853-1859  A.D.)  the  qassaba  used  seems  to  have  been  of 
about  this  length  (see  chapter  VI).  The  length  of  the  qassaba  then 
used  can,  however,  still  be  determined  with  a  fair  accuracy  from 
the  dimensions  recorded  in  the  registers  of  the  Cadastre  of  1270-1276 


*  "Relation  de  I'Egypte"  translated  by  S.  DE  Sacy.  Paris,  1810. 
t  "Histoire  de  I'Egypte  sous  Mehemet  Ali,"  Paris,  1823. 

X  Further  information  is  doubtless  obtainable  from  Masi's  book  which,  however,  I  have  been 
unable  to  obtain. 
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A.H.  of  distances  which  can  be  recognized  to-day  upon  the  ground. 
In  this  way  values  of  3-50  metres  and  3-46  metres  were  obtained  in 
two  villages  of  Sohag  District  *  and  others  in  Wasta  District  varied 
between  3-48  metres  and  3-60  metres.f  These  old  land-registers  are 
still  in  use  for  the  reasons  which  are  given  on  p.  70,  and  the  method 
of  obtaining  the  original  unit  of  length  which  was  employed  is  to 
carefully  measure  a  distance  with  the  legal  qassaba  of  3.55  metres,  to 
compare  the  length  so  determined  with  the  number  of  qassabas 
recorded  in  the  register,  and  then  to  make  a  new  qassaba  rod  of  a 
length  which  will  correspond  to  that  with  which  the  old  measurements 
were  made.  In  this  way  any  excess  or  deficit  which  might  be  caused 
by  laying  out  the  measurements  of  the  old  cadastre  with  the  new 
legal  qassaba  is  avoided.  In  the  provinces  of  Assiut  and  Qena,  qassaba 
rods  were  met  withj  during  the  recent  cadastral  survey  which  were 
of  various  lengths  from  3-40  metres  to  3-50  metres. 

There  have  been,  moreover,  many  sizes  of  feddan  in  use  which 
varied  in  different  parts  of  the  country  and  for  different  qualities  of 
land,  since  in  undeveloped  communities  where  taxes  are  paid  in  kind 
it  is  often  found  more  convenient  to  fix  upon  a  certain  quantity  of 
produce  to  be  furnished  from  a  certain  area,  and  to  vary  the  size  of 
the  unit  according  to  the  quality  of  the  land,  than  to  employ  the 
converse  method  where  a  varying  amount  is  due  from  a  definite  area 
proportionately  to  the  quality  of  the  land,  as  is  done  when  fiscal 
procedure  becomes  more  highly  organized.  The  unification  of  the 
feddan  throughout  the  country  has,  therefore,  been  one  of  the  results 
of  the  recent  cadastral  survey. 

||_Besides  the  normal  feddan  of  400  square  qassabas  of  3-85  metres, 
several  other  feddans  were  in  use  in  Lower  Egypt  at  the  beginning  of 
the  nineteenth  century,  when  the  French  savants  prepared  their 
exhaustive  description  of  Egypt.  One,  for  land  near  the  Nile,  con- 
tained 4,580  square  metres  or  about  310  square  qassabas,  while  on 
other  land  situated  far  from  the  main  branches  of  the  river  it  contained 
as  much  as  8,140  square  metres  or  about  551  square  qassabas  ;  at 
Damietta  there  was  a  feddan  in  use  of  6,905  square  metres  or  470 


•  By  Mr.  H.  G.  Skill. 

t  By  Mr.  V.  L.  0.  Sheppabd. 

i  By  Mr.  G.  H.  Morgan. 
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qassabas.  No  doubt  other  variations  could  be  found  by  an  exami- 
nation of  old  title-deeds  for  feddans  of  different  size  existed  up  to  the 
present  time  in  both  Menufia  and  Qaliubia  provinces.  Some  deeds  from 
Qaliubia  refer  to  a  small  feddan  of  200  square  qassabas  and  a  large 
feddan  of  400  square  qassabas.*  The  size  of  the  feddan  was  laid  down 
as  being  equal  to  333  ^  square  qassabas  by  Mohammed  Ali  Pasha  in 
1813  which,  taken  together  with  the  definition  of  the  qassaba  as  a 
length  of  3-55  metres  in  1861,  fixed  the  area  of  the  feddan  as  equi- 
valent to  4,200-833  square  metres,  which  definition  was  maintained  in 
the  Khedivial  Decree  of  April  28,  1891.  Land  is  still  sometimes  leased 
in  Sharqia  province  by  the  feddan  of  300  square  qassabas  to  com- 
pensate the  landlord  for  roads,  canals,  etc.,  on  which  he  pays  tax  but 
which  are  excluded  from  the  tenant's  feddan.  The  smaller  feddans 
which  were  still  in  use  continued  to  be  described  as  being  of  18,  20 
or  22  qirats,  or  twenty-fourths,  of  the  legal  feddan  and  during  the 
survey  of  Qaliubia  in  1903,  documents  were  seen  which  related  to 
feddans  of  21^  and  23  qirats,  while  in  the  waste  lands  north  of  Belqas 
others  of  25,  26  and  even  30  qirats  were  found.f  During  the  recent 
survey  all  land  was  measured  under  the  Decree  of  April  28,  1891,  in 
feddans  of  4,200-833  square  metres. 

The  present  units  of  length  and  area  for  land-measurement,  according 
to  this  decree,  are  : —  J 

Primary     1    Dira'a  beladi   =  0*58  metre 

1    Qiissaba  of  24  Habbas   =  3*55  metres 

Derived      1    Square  Qassaba    =  12*6025  square  metres 

Primary  333^  Square  Qassabas  =  1  feddan 

of  24  Qirats    =  42JO'8;53  square  metres 

Derived     1    Sahm    ■  7*3;)3  square  metres 

24    Sahms  =  1  Qirat    =  175  "035  square  metres 

Closely  related  to  the  measures  of  length  and  area  are  the  methods 
of  computation  employed  to  obtain  from  the  linear  measurements  the 
area  of  the  different  holdings,  and  some  account  of  them  will  not  be 
out  of  place,  since  they  illustrate  remarkably  the  extraordinary  vitality 
of  old  customs.  In  the  Khind  Papyrus,  which  is  now  in  the  British 
Museum,  we  have  a  number  of  examples  of  mathematical  problems 


*  Communicated  by  GiROis  Bey  Henbin  of  tho  Ministry  of  Finance, 
t  Mr.  G.  H.  Morgan. 
X  See  Appendix  I. 
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together  with  the  methods  employed  for  their  solution.  They  cover 
a  wide  range  of  mensuration  but  that  portion  with  which  we  are  con- 
cerned is  contained  in  sections  49-53,  which  relate  to  the  measurement 
of  land.  The  papyrus  dates  from  before  2000  B.C.,  so  we  may  consider 
it  as  typical  of  the  methods  universally  employed  in  ancient  Egypt. 
We  shall  see  that  they  have  been  retained  in  use  not  only  in  Roman 
times,  but  throughout  Egypt  until  the  present  day. 

In  this  papyrus,  rules  and  examples  are  given  for  the  computation 
of  the  area  of  a  rectangular  field,  of  a  circular  field,  of  a  triangular 
field,  of  a  four-sided  trapezoidal  field,  and  for  cutting  off  a  piece  of 
land  of  given  size  from  a  larger  piece.  From  these  we  see  that  the 
Egyptians  not  only  obtained  the  area  of  a  rectangle  by  multiplying 
a  long  side  by  a  short  side,  but  extended  the  same  rule  to  any  four- 
sided  figure,  where  one  long  side  or  the  mean  of  the  two  long  sides 
was  multiplied  by  the  mean  of  the  shorter  sides.  The  isosceles  triangle 
was  dealt  with  similarly,  one  side  being  multiplied  by  half  of  the  base. 
Their  fundamental  error  was  that  they  treated  the  right-angle  only 
and  ignored  all  others.  It  would  seem  as  though  this  was  their  primi- 
tive method,  which  was  at  first  found  sufficiently  accurate  for  practical 
requirements  ;  later  on,  as  more  precision  was  needed,  it  was  obtained, 
as  the  village  land-measurer  now  does,  by  suitably  laying  out  the 
pieces  for  measurement  so  as  to  obtain  satisfactory  figures,  rather 
than  by  improving  the  method  of  computation,  though  it  cannot 
be  said  that  this  was  beyond  their  powers.  They  had  long  dealt  with 
angles  of  less  than  90°  in  laying  out  slopes  of  buildings,  etc.,  and  the 
step  from  that  to  dealing  with  such  angles  on  the  ground  was  not  a 
long  one.  Borchardt  has  shown  that  slopes  such  as  those  of  the  faces 
of  the  pyramids  and  mastabas  were  defined  by  the  relation  of  the 
base  of  a  triangle  to  its  perpendicular,  which  was  a  cubit  long  ;  if  the 
base  was  6  palms  to  7  of  the  vertical  cubit,  the  angle  would  be  49°  24', 
if  5  palms  54°  28',  if  4  palms  60°  15'  and  so  on.  It  was  not  until  the 
first  century  B.C.  that  Hero  Alexandrinus*  gave  the  correct  formula  for 
the  area  of  a  triangle,  but  even  then  it  was  not  adopted  in  the  country, 
for  we  find  at  Edfu  temple  in  late  Ptolemaic  times  the  old  method  for 
determining  a  triangular  area  employed.    This  method  of  obtaining 


*  Of.  "  Herons  von  Alexandrien  Vermessungslehre  iind  Dioptra,"  by  H.  Schone.  Leipzig,  1903. 
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the  area  of  any  triangle  was  to  assume  it  to  be  isosceles  and  to 
employ  the  formula: 

A'=^    (1) 

where  a  —  the  base  and  h  is  one  of  the  equal  sides,  instead  of  the 
correct  formula : 

 ■•■■•/^> 

Under  certain  circumstances  these  methods  may  give  rise  to  con- 
siderable errors.  The  limiting  values  of  h  in  formula  (2)  for  any  given 
value  of  a  are  a  and  oo.  If  6  is  greater  than  a  the  error  due  to  the 
employment  of  formula  (1)  diminishes  rapidly  as  the  ratio  of  6  to  a 
increases  ;  for  instance  when  h  =  2a  the  error  amounts  to  only  3  per 
cent,  of  the  area. 


The  errors  in  the  area  of  some  isosceles  triangles  are  shown  in  the 
following  table  in  terms  of  the  incorrect  area  given  by  formula  (1):  * 


Base 

Side 

Area  A'  by  formula  (1) 

Correction  to  area  A' 
in  terms  of  A 

a  =  1 

b  =  0-7071 

0-354 

-  0-203 

a  =  1 

1)  =  0-8 

0-400 

-  0-21'.) 

a  =  1 

I)  =  1 

0-500 

-  0-134 

a  =  1 

b  =  2 

1-000 

-  0-031 

a  =  1 

b  =  3 

1-500 

-  0-014 

a  =  1 

b  =  4 

2-000 

-  0-008 

a  =  1 

b  =  5 

2-500 

-  0-005 

Just  as  the  rule  for  rectangles  was  incorrectly  extended  to  all  four- 
sided  figures,  thereby  introducing  errors  which  might  rise  to  any  pro- 
portion of  the  whole,  according  to  the  obliquity  of  the  figure,  so  also 
did  the  Egyptians  extend  their  inexact  rule  for  isosceles  triangles  to 
all  triangles,  since  their  areas  were  obtained  by  taking  half  the  product 
of  the  base  multipUed  by  the  mean  of  the  two  sides. 

For  four-sided  figures  they  employed  the  formula  : 

A'  =  ^c    (3) 

instead  of : 

^="^"vA^  ■  <« 

*  See  Professor  Hammer  in  "  Zeitschrift  fur  Vermessungswesen."   Stuttgart,  1908,  pp.  377-38'l. 
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Thus  the  results  obtained  were  always  in  excess  of  the  correct 
amount  except  when  the  plot  of  land  was  a  rectangle. 

The  inconveniences  of  this  system  were  largely  reduced  by  the  great 
majority  of  the  plots  being  rectangular,  as  they  still  are  to-day  (see 
Plans  VIII,  X,  etc.),  but  nevertheless  a  proportion  of  triangular, 
trapezoidal,  or  irregularly  shaped  plots  must  always  occur,  and  then 
the  accuracy  of  the  results  depends  on  the  skill  of  the  measurer  in  so 
taking  his  measurements  as  to  minimize  the  effect  of  an  incorrect 
method  of  computation. 

In  Greek  and  Roman  times  computations  of  area  followed  the 
same  rules,  as  is  to  be  seen  from  the  papyri  that  have  been  found  in 
recent  years.*  In  them  the  lengths  of  the  sides  are  stated  and  the 
area  deduced  ;  this  does  not  in  most  cases  differ  much  from  what  the 
maximum  area  would  be  when  the  plot  was  rectangular,  so  that  the 
majority  of  the  plots,  then  as  now,  did  not  probably  vary  greatly 
from  this  shape.  In  Papyrus  No.  61  b  from  Tebtunis  the  difference 
found  between  the  supposed  area  of  a  piece  of  land  and  that  found 
by  measurement  at  the  time  is  referred  to  and  it  is  to  be  noticed  that 
the  latter  is  always  the  greater.  The  reason  of  this  is  not  stated  and 
we  are  left  to  imagine  it.  Several  solutions  are  possible.  The  original 
measurements  may  have  been  based  on  the  schoenium  of  100  cubits, 
and  the  subsequent  land-measurers  may  have  used  theirs  of  96  cubits. 
Again,  if  an  area  was  first  measured  as  a  whole  and  then  re-measured 
after  subdivision  into  a  number  of  plots  the  total  of  the  latter  would 
probably  exceed  the  first  total  since  the  errors  due  to  the  methods  of 
computation  were  always  such  as  to  increase  the  result.  Beyond  the 
superior  skill  of  a  more  experienced  measurer  there  do  not  seem  to 
have  been  any  methods  of  superior  accuracy  which  were  used  as  a 
control  upon  the  ordinary  measurements.  The  errors  hitherto  dis- 
cussed are  those  due  to  the  inherent  inaccuracy  of  the  formulae  em- 
ployed. Other  sources  were  the  consistent  neglect  of  fractions  of  the 
aroura  less  than  ,.'4  (43  square  metres),  a  much  larger  amount  than  the 
sahm  (4-7  square  metres)  which  the  local  measurers  to-day  claim  to 
work  to. 


*  See  Gbenfell  and  Hunt,  "  Tebtunis  Papyri."  London,  1902,  p.  386 ;  and  Kenyon,  "Cata- 
logue of  Greek  Papyri  in  the  British  Museum."  London,  vol.  11,  p.  12'J. 
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Gross  errors  were  certainly  not  infrequent,  and  complaints  of  them, 
as  well  as  petitions  for  re-measurement,  often  occur.  A  typical 
instance  is  given  in  Papyrus  No.  660  in  the  Erzherzog  Rainer-Fiihrer  *  ; 
the  first  measurement  of  a  property  gave  200  feddans  as  its  area,  but 
the  daughter  of  the  owner,  one  El  Hassan,  complained,  saying  that 
there  were  only  130J  feddans  ;  a  re-measurement  gave  148  feddans  as 
the  result,  the  different  amounts  thus  being  in  the  proportion  of  1-00, 
1-13  and  1-53. 

No  change  was  made  in  the  methods  of  computing  during  the  period 
of  Arab  domination  ;  the  old  methods  continued  in  use  and  are  in  use 
to-day  in  the  villages  of  Egypt  and  most  of  the  local  offices.  When 
the  survey  of  State  lands  was  commenced  in  1892  the  larger  pro- 
perties and  the  divisions  of  the  villages  were  computed  by  modern 
methods,  but  all  small  plots  were  calculated  according  to  the  ancient 
tules.f  As  the  reorganization  of  the  country  progressed  during  the 
last  quarter  of  a  century  the  value  of  the  land  increased  and  owners 
began  to  obj  ect  to  inaccurate  methods.  Saber  Bey  Sabri  J  made  sugges- 
tions for  improving  the  measurement  by  the  qassaba  rod.  He  pointed 
out  not  only  the  erroneous  character  of  the  computation  but  also  the 
inaccuracies  caused  by  incorrect  alignment,  by  points  being  roughly 
marked  by  undressed  lumps  of  stone,  and  by  sloping  ground  not 
being  treated  specially.  He  stated  that  a  skilful  measurer  using  the 
qassaba  rod  could  obtain  results  for  the  length  of  a  line  which  would 
vary  by  as  much  as  5  per  cent. 

In  the  year  70  A.H.  (690  A.D.)  the  KhaHf  Abdul  Melek  Ibn  Merwan 
ordered  that  the  accounts,  which  had  hitherto  been  kept  in  Coptic, 
should  in  future  be  kept  in  Arabic.  The  Copts,  who  were  the  account- 
ants of  the  country,  wrote  the  numbers  in  those  Arabic  letters  which 
were  used  for  numeration  but  for  the  fractions  they  continued  to  use 
the  older  Coptic  signs.  In  the  twelfth  century,  when  Arabic  numerals 
were  introduced,  they  were  adopted  in  place  of  the  letters,  without, 
however,  displacing  the  signs  for  the  fractions.  When  Mohammed  Ali 
reformed  the  accounts  of  the  country  in  about  1820  the  Coptic  signs 
for  the  fractions  of  the  piastre  soon  disappeared,  but  the  change  did 


*  0.  Beokee,  "Beitriige  zur  Geschichte  Aegyptens."  Strassburg,  1903.  p.  119. 
t  See  Chapter  IX. 

J  "  Bulletin  de  I'lnstitut  Egyptien."  Cairo,  1890.  pp.  9G  et  seq. 
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not  affect  the  cadastral  units,  and  until  recently,  while  the  feddans 
were  written  in  figures,  the  fractions  of  the  same  were  in  the  old  Coptic 
signs,  which  are  found  in  many  hsts  of  land  to-day 

In  1878,  a  reorganization  of  the  accounts  was  effected  under  the 
direction  of  Sir  G.  Fitzgerald,  and  from  this  time  the  feddan  was 
recorded  as  containing  twenty-four  qirats  of  twenty-four  sahms ; 
this  practice  soon  spread  to  the  provinces  and  may  now  be  said  to  be 
universal  throughout  the  country.  In  1886,  the  Ministry  of  Finance 
by  Circular  No.  117,  dated  September  25,  ordered  that  fractions  of 
feddans  were  to  be  indicated  in  qirats  and  sahms  and  not  by  the 
signs  for  the  fractions  of  a  feddan  which  had  previously  been  used. 
These  fractions  were     J  >  i ,  i ,  i  •  * 


*  Yacoub  Pasha  Autin,  "  Signes  employes  dans  In  comptabilite  copte  en  Egypte  pour  la  trans- 
cription des  fractions."  Hull.  In.st.  Hgypt.  188'.t.  p.  2,s,'). 
See  also  "Journal  Royal  .•\siatic  Society,"  Aug.  1879. 
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CHAPTER  IV. 

Land  Survey  before  the  19th  Century. 

Previous  to  the  nineteenth  century  of  our  era  we  have  but  meagre 
information  concerning  land-measurement,  the  classification  of  land, 
and  other  branches  of  the  surveyor's  work.  From  time  to  time  an 
inscription  or  a  papyrus  tlirows  directly  or  indirectly  some  light  upon 
the  subject,  but  the  total  amount  which  we  now  possess  is  still  very 
inconsiderable. 

The  recorded  heights  of  the  Nile  flood  in  each  year  of  the  first  dynasty 
show  that  the  Egyptians  had  as  early  as  that  time  made  considerable 
progress  in  the  science  of  measurement  and  recognized  its  importance.* 
Besides  the  records  of  the  annual  flood,  the  Palermo  Stone  mentions 
the  stretching  of  the  (measuring-)cord  at  the  foundation  of  a  temple, 
that  is,  the  plan  was  pegged  out  on  the  ground.  In  these  early  times 
Professor  Breasted  I  is  of  opinion  that  the  land  all  belonged  to  a  noble 
class,  so  that  a  considerable  part  of  the  country  consisted  of  large 
estates  administered  by  these  nobles,  as  was  also  the  case  in  the  period 
which  immediately  followed.  Every  two  years  a  "  numbering  "  of  the 
royal  possessions  was  made  throughout  the  land  by  the  officials  of  the 
treasury,  and  this  would  be  a  sort  of  verificatory  survey  of  State 
property  which  doubtless  included  herds  as  well  as  lands.  This 
biennial  census  was  so  regular  a  procedure  of  the  administration  in 
these  early  times  that  events  in  the  reign  of  the  king  were  dated  with 
reference  to  it. 

Soon  after  this  early  period  we  meet  with  the  fiirst  traces  of  the 
registration  of  property,  for  about  3000  B.C.  the  property  of  a  high 
official,  Methen,  J  was  recorded  in  the  third  dynasty  on  the  walls  of 
his  tomb  at  Saqqara ;  it  is  stated  to  have  been  duly  registered  as 
belonging  to  him  in  the  royal  archives  or  registry.  There  must,  there- 
fore, have  been  at  this  time  a  well-developed  method  of  measuring  the 


•  ScHlFEB,  "  Abhandlungen  d.  konigl.  preuss.  Akademie,"  1902. 
Naville,  "Recueil  de  travaux  relatifs  il  la  Pliilologio  et  &  VArchfiologie  figyptiennes  et  assy- 
riennes,"  1903,  p.  64. 

t  "  A  History  of  Egypt."  London,  190G,  p.  64. 

J  Bbeasted,  "Ancient  Records,"  Chicago,  pp.  171-5. 
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land  and  of  computing  the  area  of  properties.  It  was  not  long  before 
the  registration  of  land  and  its  measurement  became  highly  organized, 
as  would  be  essential  in  a  country  where  all  payments  of  taxes  were 
made  in  kind  and  rent  was  paid  in  the  same  way. 

Another  of  the  tombs  at  Saqqara,  that  of  a  certain  Mes,*  furnishes 
us  with  information  of  exceptional  interest.  Certain  lands  near 
Memphis  which  the  Pharaoh  Amosis  (1580  B.C.)  had  conferred  on  an 
ancestor  of  Mes  named  Neshi  were,  during  the  minority  of  Mes,  claimed 
by  a  certain  Khay  as  his  property.  A  lawsuit  followed  in  which  Khay 
produced  false  title-deeds,  whereupon  Nubnofret,  the  mother  of  Mes, 
appealed  to  the  official  registers,  saying,  "  Let  there  be  brought  to  me 
the  registers  from  the  Treasury  and  likewise  from  the  Department  of 
the  Granary  of  Pharaoh." 

A  commission  was  sent  by  the  court  to  make  extracts  from  the 
registers,  but  by  means  of  falsified  copies  Khay  gained  his  case,  but 
was,  however,  non-suited  on  appeal  when  the  evidence  of  many 
neighbouring  landowners  was  taken. 

In  later  times,  about  900  or  850  B.C.,  the  register  of  the  lands  and 
springs  in  the  Oasis  of  Dakhla  is  referred  to  in  an  inscription  which 
tells  of  a  lawsuit  concerning  the  ownership  of  a  spring  ;  nineteen 
years  elapsed  before  a  decision  was  obtained,  t 

Thus,  the  owner's  name,  the  area  of  the  property,  its  position,  and 
the  tax  due  from  it  were  regularly  recorded,  and,  in  the  New  Empire 
at  least,  duplicate  registers  were  kept  in  the  Treasury  and  the  Royal 
Granary. 

No  attempt  was  made  to  measure  angles  of  different  sizes,  but  all 
were  treated  as  though  they  were  right  angles ;  where  the  details  of 
boundaries  are  given  in  ancient  Egyptian  inscriptions,  as  well  as  in 
the  title-deeds  of  the  Graeco-Roman  period,  the  boundaries  are  always 
given  as  the  north,  the  south,  the  east  and  the  west,  and  the  same 
practice  continues  to-day  in  all  village  title-deeds.  This  method, 
which  is  derived  from  the  time  when  land-surveying  was  in  its  most 
elementary  state,  prevents  any  map  being  made  which  can  lay  claim 


*  LORBT,  "Aegyptische  Zeitschrift,"  39  (1901).  Mokbt,  ibid. 
Gakdineb,  "  The  inscription  of  Mes,"  "  Unterguchungen  zur  Gescliiclite  und  Altcrtliums- 
kunde  Aegyptciis,"  IV,  3,  1U05. 

t  Spiegelbebg,  "Recueil  de  travaux,  etc."  1899,  p.  12. 
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Ancient  land-measurers  at  work.  (Thebes). 
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to  be  more  than  the  roughest  diagram,  since  the  assumption  on  which 
it  depends,  viz.,  that  all  plots  are  rectangular  and  all  their  sides  are 
correctly  oriented  to  the  cardinal  points  of  the  horizon,  is  only  fulfilled 
in  rare  instances.  The  vain  attempt  to  reconcile  such  descriptions  of 
landed  property  with  the  ground  itself  is  a  never-ending  source  of 
trouble  and  delay  in  surveying  to-day,  and  in  some  places  an  additional 
complication  is  introduced,  since  north  and  south  in  the  Nile  Valley 
are  usually  synonymous  with  downstream  and  upstream  ;  but  where 
the  river  flows  south  instead  of  north,  as  it  does  just  below  Qena, 
north  is  still  retained  as  equivalent  to  downstream  (see  p.  24,  and 
Plan  IX). 

The  natural  river-arms  and  backwaters  were  utilized  and  modified 
to  form  canals,  and  very  seldom,  if  ever,  was  a  straight  canal  dug  for 
a  long  distance  in  ancient  times.  The  plots  were  arranged  at  right 
angles  to  the  water- channels  for  convenience  of  supply,  and  con- 
sequently they  lay  in  every  possible  azimuth  as  they  followed  tlie 
windings  of  the  stream,  so  that  boundaries  described  as  corresponding 
to  the  four  cardinal  directions  were  of  very  little  assistance  in  locating 
a  piece  oMand. 

The  inscription  in  the  tomb  of  the  Vizier  Kekhmara  *  at  Thebes 
refers  to  his  duties  in  the  land-court  where  he  heard  and  decided  cases 
of  disputed  ownership  in  land ;  all  titles  that  had  been  approved  as 
being  in  order  were  registered,  but  unregistered  claims  were  ignored. 

Incidentally,  land  of  different  classes  and  of  varying  qualities  is 
mentioned  from  time  to  time  in  the  inscriptions,  but  no  complete  list 
of  them  is  known.  A  monarch  of  Assiut  about  2300  B.C.,  one  Khete, 
whose  tomb  inscriptions  bear  witness  to  a  well-established  state  of 
land-tenure  and  administration,  speaks  of  a  canal  which  he  made  in 
order  to  irrigate  high  land  which  otherwise  could  not  be  cultivated,! 
and  a  certain  Sebek-nekt  records  in  his  tomb  ut  El  Kab  that  hiA 
property  consisted  of  twenty  "  thousands  "  of  the  low-lying  valuable 
land  and  a  hundred  and  twenty  "thousands"  of  the  poorer  high 
ground. 

The  marking-out  of  the  province  boundaries  was  considered  from 
early  times  of  great  importance  and  inscribed  stelae  were  placed  on  the 


*  NtWBEBRY.  "The  Life  of  Kekhmara."  London,  ISioO. 

t  BreAoTED,  '-.^licicnt  Kecords. '  Chicago,  WOti,  I.  pi.  40".  4 
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limestone  cliffs  on  either  side  of  the  valley  in  order  to  define  them  in  a 
permanent  manner,  which  have  in  some  cases  been  preserved  until  the 
present  time.  They  were  not  confined  to  the  desert  margins  alone, 
but  the  inscription  of  Khnumhotep  II  in  his  tomb  at  Beni  Suef  records 
that  the  king  Sesostris  II  "  made  monuments  in  the  Jackal  nome 
restoring  that  which  a  city  (village)  had  taken  from  its  neighbour, 
causing  him  to  know  his  boundary  according  to  the  record,  investigat- 
ing according  to  that  which  was  of  old,  putting  a  landmark  at  his 
southern  boundary  perpetuating  the  northern  like  the  heavens, 
establishing  on  the  fields  of  the  low  ground  a  total  amounting  to 
fifteen  landmarks  :  establishing  upon  its  northern  fields  as  far  as 
Oxyrhynchus  (Bahnessa).  He  divided  the  great  river  along  its  middle, 
its  western  side  going  to  the  Jackal  nome  (district)  as  far  as  the  western 
high  land.  ..."  * 

In  the  eighteenth  dynasty  King  Ikhnaton  set  up  stete  on  both  sides 
of  the  Nile  Valley  in  order  to  delimit  the  district.  Fourteen  of  these  are 
known  to-day,  eleven  being  on  the  east  side  of  the  river  and  three  on  the 
west.  In  the  inscription  the  length  of  the  district  "from  the  south 
tablet  as  far  as  the  north  tablet  measured  between  tablet  and  tablet  on 
the  east  mountain  of  Akhetaten  (the  town)  amounting  to  6  ater  ^  and  | 
of  a  khet  and  4  cubits,  likewise  from  the  south-west  tablet  of  Akhenaton 
to  the  north-west  tablet  on  the  west  mountain  of  Akhenaton  amounting 
to  6  ater  ^  and  |  of  a  khet  and  4  cubits  likewise  exactly,  and  the  area 
within  these  four  tablets,  from  the  east  mountain  to  the  west  mountain, 
is  Akhenaton  in  its  proper  self,  it  belongs  to  Father  Hor  Aton  in 
mountain  deserts,  islands,  upper  ground,  lower  ground,  land,  water, 
villages,  embankments,  men,  beasts,  groves,  and  all  things  which  the 
Aton  my  father  shall  bring  into  existence  eternally  for  ever."  f 

No  map  of  landed  property  in  ancient  Egypt  has  come  down  to  us, 
but  on  the  tomb  walls  we  meet  with  representations  of  land-measurers 
at  work.  Their  methods  of  land-measurement  are  represented  on  the 
walls  of  the  tomb  of  one  Menna  %  at  Thebes,  a  land  overseer  and 
inspector  of  the  boundary  stones  of  Amon.  The  tomb,  which  is 
situated  in  that  portion  of  the  Theban  burial-ground  known  as  Sheikh 


•  BUKASTED,  "Ancient  Kecoriis."  Chicago,  lUOl!,  I.  pp.  624,  C26,  032. 

t  N.  DE  G.  Davies,  '-Tiie  Rock  Tombs  of  El  Arnania,"'  Pt.  V.  "Arcliaeol.  Survuy  of  Egypt." 
London,  l'.)OS. 

t  BoRCiMUDr,  "Zeitsclirift  tiir  Aegyptisclia  Spwclic,"  I!)il5,  p.  70. 
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Ancient  land-measurers  at  work.  (Thebes). 
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Abd  el  Qurna,  has  recently  been  cleared  out  by  Mr.  R.  Mond  (see 
Plate  I).  The  scene  depicted  shows  two  chainmen  measuring  a  field 
of  corn  with  a  long  cord  on  which  are  knots  or  marks  at  intervals 
which  seem  to  be  about  four  or  five  cubits  in  length  :  each  also  carries 
a  spare  cord  coiled  up  on  his  arm.  Beside  them  walk  three  officials, 
who  carry  writing  materials  and  who  are  accompanied  by  a  small  boy 
carrying  writing  materials  and  a  bag  in  which  are  probably  documents 
and  plans  referring  to  the  property.  An  old  man  and  two  boys  also 
accompany  the  surveyors,  and  a  peasant  brings  a  loaf  of  bread  and  a 
bunch  of  green  corn. 

A  similar  scene  is  pictured  on  the  walls  of  a  tomb  belonging  to  a 
certain  Amenhotep,  also  at  Sheikh  Abd  el  Qurna  (see  Plate  II). 
Here  only  one  man  accompanies  the  chainmen,  each  of  whom,  as 
usual,  carries  a  spare  cord.  The  figures  are  larger  than  in  the  tomb 
of  Menna,  and  though  they  are  much  damaged,  it  is  possible  to  see 
that  the  cord  terminated  in  a  ram's  head.  This  is  also  shown  in  the 
statue  of  the  priest  Pa-en-hor  from  Abydos,  which  is  now  in  the 
Cairo  Museum  (Cat.  No.  4,875)  ;  he  is  represented  in  a  kneehng  position 
and  is  holding  a  roUed-up  measuring-cord,  at  each  end  of  which  is  a 
ram's  head  (see  Plate  III). 

Besides  measurements  of  land,  the  pyramids,  temples,  and  rock- 
tombs  furnish  numerous  examples  of  accurate  measuring  ;  and  among 
them  the  Pyramids  of  Giza  provide  perhaps  the  best  known  and  most 
fully  studied  instances. 

Not  only  were  the  Egyptians  of  these  remote  times  competent  to 
measure  lands  and  lay  out  large  buildings,  but  they  had  attained  a 
very  satisfactory  accuracy  in  leveUing,  and  of  this  the  Pyramids  of  Giza 
again  furnish  proof.*  Borchardt,  in  his  paper  on  "  Nilmcsser  und 
Nilstandsmarken,"  f  adduces  many  facts  in  support  of  the  view  that 
they  carried  out  a  hne  of  levelling  from  the  head  of  the  Delta  to  the 
First  Cataract  in  connection  with  the  nilometers  which  were  built  at 
every  important  town ;  and  this,  too,  was  done  with  a  very  fair 
accuracy,  since  the  average  slope  deduced  from  the  scales  on  these 
nilometers  works  out  at  1  in  14,440  against  1  in  13,700,  as  given  to-day 
by  the  levels  of  the  Irrigation  Service.    The  instrument  used  was  a 


•  Flinders  Petbie,  "The  Pyraiuids  of  Giza."  London,  1883. 
+  •'Abluuidlungeu  d.  kouigl.  preiiss.  Akiidemie,"  Berlin,  IDOC. 


right-angled  isosceles  triangle  of  wood,  with  a  plumb-line  attached  to 
the  apex;  it  was  doubtless  used  on  a  long  wooden  straight-edge, 
which  in  its  turn  rested  on  pickets.  In  this  way,  levelling  of  a  very  fair 
accuracy  could  be  rapidly  executed. 

The  rich  harvest  of  papyri  dating  from  Ptolemaic  and  Roman  times 
which  have  been  recovered  in  recent  years  furnishes  much  valuable 
and  interesting  information  concerning  the  measurement  of  land,  its 
registration,  its  quality,  and  many  other  matters  of  a  similar  character. 

A  particularly  complete  collection  of  official  papers  from  the  bureau 
of  Menchis,  the  komogrammateus,  or  government  scribe,  of  Kerkeosiris, 
close  to  Tebtunis,  was  found  in  1899-1900  by  Professor  Grenfell  and 
Dr.  Himt  when  they  were  excavating  the  site  known  as  Um  el  Baragat, 
the  ancient  Tebtunis,  on  the  south  side  of  Gharaq  in  the  Fayum,  and 
was  published  by  them  in  1902.  The  papyri  date  from  about  120- 
111  B.C.,  and  deal  largely  with  land-measurement,  land-registration, 
and  kindred  subjects. 

This  village  of  Kerkeosiris  contained  4,700  arourcc,  or  about  3,100 
feddans  of  land  which  in  the  fifty-second  year  of  Ptolemy  Euergetes  II 
(119-118  B.C.)  were  distributed  in  seven  different  categories  (seep.  58). 

Another  papyrus  from  Tebtunis  gives  a  detailed  description  of 
certain  small  plots  of  land  on  the  east  side  of  Crocodilopolis  Arsinoe 
(Medinet  el  Fayum)  between  the  road  round  the  town  and  a  large 
canal. 

The  dimensions  are  given  in  sclmnia,  and  the  plots  arc  of  the  usual 
small  size  ;  some  belong  to  private  individuals,  one  belongs  to  the 
queen,  another  is  recorded  as  common  land,  while  a  public  road 
between  the  private  property  and  a  public  canal  is  separately  registered. 
The  same  conditions  may  be  exactly  paralleled  round  Medinet  el  Fayum 
to-day. 

Without  doubt  the  land-measurers  of  this  period  were  but  continuing 
the  procedure  of  earlier  times  in  the  methods  which  they  employed. 
Lines  were  measured  along  the  heads  of  the  plots,  the  breadth  of  each 
field  being  recorded  as  well  as  its  length ;  from  this  the  areas  of  rect- 
angular fields  could  be  calculated.  Frequently  the  lengths  of  all  the 
sides  were  recorded  and  the  area  was  then  computed  by  obtaining  the 
product  of  the  means  of  the  opposite  sides  whatever  the  angles  of  the 
figure  might  be.  The  part  of  the  village  lands  in  which  the  line  starts 
is  described  and  then  the  detail  measurements  are  recorded.  On 
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Statue  of  the  priest  Pa-en-hor  (Abydos). 
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completing  the  line,  the  surveyor  usually  took  another  at  right  angles, 
or  approximately  so,  to  the  first  direction  and  recorded  the  dimensions 
of  the  plots  which  abutted  on  the  line.  The  name  of  the  owner  of  each 
plot  was  inscribed  at  the  same  time.  In  this  way  the  whole  of  the 
lands  of  the  village  were  measured  up  and  their  owners  recorded.  The 
systein  employed  in  the  cadastral  measurements  of  1813  and  1853-1859 
was  essentially  the  same,  since  it  was  the  one  which  was  most  suitable  to 
the  circumstances  of  the  case.  Modern  improvements  consist  in  con- 
trolling the  lengths  and  areas  by  fixed  points  at  known  intervals,  and 
by  areas  carefully  computed,  while  the  holdings  are  plotted  on  a  map 
to  avoid  omissions  or  repetitions ;  angles  are  measured,  and  are  not 
assumed  to  be  right  angles,  and  the  methods  of  computation  arc 
correct.  The  following  translation  *  of  a  portion  of  papyrus  No.  86 
from  Kerkeosiris  1,8-31  which  refers  to  land  at  Crocodilopolis  Arsinoe 
gives  an  example  of  the  method  used  : 

(8)  Adjoining  on  the  north  (the  land  of)  Demetrius  son  of  Thrax 

formerly  in  the  possession  of  Micion, 

(9)  namely  4  J  J    of  unirrigated  crown  land,  of  which  4  J 
are  occupied  by  the  discharge  of  the  bath  of  Hippon 

(10)  and  J  1^  of  crown  land  by  the  conduit  of  the  said  Hippon. 

(1 1)  The  neighbouring  areas  are  :  on  the  south  the  conduit 
of  ApoUonius,  on  the  north  the  unirrigated  land  of 
Hermione 

(12)  on  the  west  the  precinct  of  the  city,  on  the  east  the 
canal  of  Argaitis. 

(13) 

(14)  Adjoining  on  the  north  the  land  of  Hermione,  daughter  of 

ApoUonides,  namely  5  7    -j^      arourae,  of 

(15)  which  J  is  occupied  by  a  reservoir,  by  an  abandoned 
pigeon-house,  -^r  by  a  tomb  ( ?), 

(16)  and  5  ^  is  unirrigated.  The  neighbouring  areas  are  :  on 
the  south  the  unirrigated  land  of  Demetrius  son  of  Thrax, 
on  the  north 

(17)  land  of  a  synagogue,  on  the  west  the  precinct  of  the  city, 
on  the  east  the  canal  of  Argaitis. 

(18)  Adjoining  on  the  north  the  land  of  a  synagogue  of  the  Jews, 

through  Pentollas 


'  Kindly  fiirnislicd  hy  Dr.  A.  TlrxT. 
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(19)       and  leased  by  Petesuchus  son  of  Marres, 
(20-21)       namely  3  ^  |      arourse  of  temple  garden  land,  and  1  ^  of 
land  growing  garland-flowers  and  vegetables. 

(22)  The  neighbouring  areas  are :  on  the  sovith  the  land  of 
Hermione  daughter  of  ApoUonides,  on  the  north  and  west 

(23)  the  precinct  of  the  city,  on  the  east  the  canal  of 
Argaitis. 

(24)  Adjoining  on  the  north,  receding  on  the  west  side  next  the 

city  4  J  schoenia 
(2ii)       the  land  of  Sarapion,  agent  of  the  queen,  namely  1  aroura 
'  of  temple  land,  of  which 

(26)  1  is  occupied  by  abandoned  houses,  and  ^  is  uncultivated. 

(27)  18 

(29)  The  neighbouring  areas  are  :  on  the  south  the  land  of 
the  synagogue  of  the  Jews,  on  the  north  and  west  the 
precinct  of  the  city, 

(30)  on  the  east  the  canal  of  Argaitis. 

(31)  This  brings  us  to  the  precinct  of  the  city  on  the  north. 

Thus  the  well-established  methods  of  land-measurement,  which  had 
been  developed  in  the  course  of  centuries,  continued  in  use  without 
modification  for  a  long  period,  and  as  we  have  seen,  in  Greek  and 
Roman  times  there  are  no  important  changes  to  chronicle. 

The  measurement  of  an  arc  of  meridian  between  Alexandria  and 
Aswan  by  p]ratosthenes  in  about  230  B.C.  was  an  event  of  great 
geographical  importance,  since  he  derived  from  it  a  value  for  the 
circumference  of  the  earth.  His  achievement  is,  however,  more  closely 
connected  with  geodesy  and  topographical  surveying  than  with 
cadastral  measuring  for  at  that  time  neither  the  instruments  used 
nor  the  methods  employed  were  of  sufficient  precision  to  afford  any 
means  of  controlling  the  field -measurements. 

After  the  conquest  of  Egypt  by  the  Arabs,  Coptic  land-measurers 
were  still  employed,  but  gradually  Arabic  writing  and  numerals  were 
introduced  as  related  in  the  last  chapter. 

From  time  to  time  a  cadastre  or  re-measurement  of  lands  is  said  to 
have  been  carried  out,  but  this  only  meant  that  the  area  and  sometimes 
the  dimensions  of  each  property  were  measured  in  each  village  but  no 
attempt  was  made  to  record  them  graphically  so  as  to  form  a  map. 
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There  are  various  mentions  of  a  general  revision  of  the  land-measure- 
ment in  Egypt,  but  in  every  case  it  consisted  of  a  re-detcrmination  of 
the  areas  owned  or  cultivated  by  the  landowners  by  the  ancient 
methods  which  have  been  described,  so  that  there  was  no  general 
control  of  their  accuracy.  While  maps  must  show  the  limits  of  the 
land  recorded  as  being  owned  by  each  person,  the  very  vague  descrip- 
tions of  boundaries  which  alone  are  possible  in  a  register  render  any 
re-measurement  difficult  on  account  of  the  uncertainty  of  the  same 
boundary  lines  being  adopted  on  each  occasion. 

Land  is  said  to  have  been  first  taxed  by  Maimum  about  the  year 
813  A.D.,  and  Makrizi  says  that  the  tribute  of  Egypt  reaches  4,527,000 
dinars,  and  was  payable  when  the  Nile  flood  reached  a  height  of  17 
cubits  and  7  qirats,*  at  the  rate  of  2  dinars  a  feddan,  which  would 
correspond  to  a  cultivated  area  of  2,263,500  feddans. 

Ahmed  Ibn  Tulun  measured  all  the  land  and  re-distributed  it.f 

The  historian  Abdallatif  J  states  that  a  cadastral  measurement  of 
the  land  was  made  under  the  Sultan  Melik  el  Ashraf  in  the  year  777  A.H. 

The  Mamelukes  established  a  form  of  land-survey  which  furnished  a 
basis  for  assessing  the  land-tax,  and  this  measurement  appears  to  have 
been  repeated  periodically.  When  the  Ottomans  took  Egypt  the 
Sultan  Selim  ordered  a  new  cadastre  to  be  made  and  the  yearly  tribute 
was  fixed  at  600,000  piastres  (each  equal  to  20  P.T.  to-day),  payable  in 
gold  when  the  Nile  flood  reached  17  cubits,  § 


*  Abtin,  "  The  right  of  landed  property  in  Egypt,"  p.  7J. 

t  Becker,    IV'itriisc  znr  Oeschiphte  Appyptens,"  pp.  10!)  and  111. 

I  Dk  Sacv's  tniiislation,  riiris,  ISIO,  p.  I-il!,  niiU:  17. 
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CHAPTER  V. 


TtIR  rr.ASSIPTfATION  OF  LaND, 

Whether  a  cadastral  survey  is  required  to  facilitate  the  collection 
of  land-tax,  or  for  the  use  of  landowners  in  order  that  they  may 
have  a  record  of  their  property,  some  classification  of  the  land  has 
invariably  to  be  made.  The  basis  of  this  may  be  its  value,  or  the 
purpose  for  which  it  is  used,  but  usually  both  these  are  represented. 
The  subject  passes  readily  into  that  of  land  tenure,  but  this  is  too 
wide  a  field  of  enquiry  to  be  dealt  with  in  this  report ;  the  surveyor 
has  to  deal  with  the  classification  of  land  when  indicating  the  bound- 
aries of  different  qualities,  or  of  portions  which  are  allotted  to  special 
purposes,  but  the  more  strictly  legal  aspect  does  not  concern  him,  since 
he  is  not  empowered  to  decide  in  cases  of  disputed  possession. 

In  early  historic  times  it  would  appear  that  the  land  belonged 
probably  to  the  estate  of  the  king,  by  whom  it  was  entrusted  to  a 
noble  class.*  There  were  large  estates  which  were  administered  by 
these  nobles,  but  we  cannot  now  determine  the  conditions  on  which  they 
were  held.  Inscriptions  of  the  third  and  fourth  dynasties  tell  of  lands 
which  were  constituted  as  an  endowment  of  the  owner's  tomb,  so  that 
from  their  revenue  the  mortuary  priests  might  be  maintained  and  the 
necessary  offerings  provided.f  Grants  of  land  for  this,  and  other 
purposes  are  frequently  mentioned,  but  no  special  designation  of  the 
land  as  belonging  to  special  classes  or  categories  is  added. 

In  the  twelfth  dynasty  the  contracts  of  Hepzefi  |  refer  to  the 
property  which  he  had  inherited  from  his  father  and  could  bequeath 
at  will,  and  also  to  that  which  he  possessed  by  virtue  of  his  office. 

Distinctions  are  made  between  certain  kinds  of  cultivation,  such  as 
fields,  gardens,  and  ploughed  lands,  §  and  among  the  duties  of  the  vizier, 
as  recorded  in  the  tomb  of  Rekhmare  at  Thebes,  the  regulation  of 


*  Breasted,  "History  of  Egypt,"  p.  -14.  Tliis  is  the  case  in  Abyssinia  at  tlio  present  time, 
t  Breasted,  ''Ancient  Records,"  1,  p.  89. 

J  Breasted,  I,  258,  and  Ebmax,  "  Ancient  'ife  in  Egypt"  pp.M.">,  407,  498. 
§  "Ancient  Kecords"  p.  224. 
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province  boundaries,  the  limits  of  the  lands  which  furnished  the 
income  of  the  temples,  and  the  administration  of  the  divisible  lands 
held  by  tenants  as  distinguished  from  the  indivisible  tracts  held  by 
nobles  are  specified.*  In  the  Harris  papyrus,  which*  gives  an  inventory 
of  the  total  property  owned  by  the  three  great  temples  in  Egypt  at  the 
death  of  Kameses  TIT,  we  find  a  distinction  made  between  the  property 
which  had  already  been  long  in  possession  of  the  priesthood,  and 
that  which  the  late  king  had  given,  also  the  income  derived  from  certain 
other  properties  which  he  had  assigned  yearly  to  these  temples  is 
included. 

Temple  inscriptions,  texts  in  praise  of  the  king,  records  of  his 
successful  wars  and  expeditions,  the  accounts  left  by  nobles  and  great 
officials  of  their  work  and  of  the  honours  that  had  been  conferred  upon 
them,  are  not  sources  which  would  be  likely  to  supply  detailed  infor- 
mation concerning  the  classification  of  land.  The  material  which  has 
survived  from  the  local  administrative  offices  is  extremely  scanty; 
still,  we  read  of  crown  lands,  temple  property,  land  furnishing  an 
annual  income  to  the  temples,  land  assigned  to  certain  high  offices, 
land  leased  to  tenants,  private  property  in  the  fertile  "  low  land  " 
and  in  the  less  valuable  "  high  land,"  town  land,  canals  and  their 
dykes,  gardens  and  vineyards,  and  arid  lands.f 

All  these  were  distinguished  and  doubtless  if  more  information  were 
available  we  should  find  as  complete  a  system  of  classification  as  that 
which  existed  in  Ptolemaic  times  in  the  Fayum,  and  which  has  been 
revealed  to  us  by  the  recovery  of  papyri  from  the  sites  of  ancient  towns 
during  recent  years.  From  these  documents  we  find  that  all  the 
categories  now  employed  already  existed  at  that  date  and  doubtless 
had  been  long  in  existence. 

The  most  complete  collection  of  such  papyri  relating  to  land  is  that 
which  Professor  Grenfell  and  Dr.  Hunt  have  published  as  the  result  of 
their  excavations  carried  out  in  1899-1900  at  Um  el  Baragat,  the  ancient 
Tebtunis,  on  the  south  side  of  the  Fayum  and  in  the  area  now  known  as 
the  village  of  Gharaq  el  Sultani.  They  date  from  about  120-111  B.C., 
and  deal  largely  with  the  measurement,  registration,  transfer  and 


'  MoBKT,  "  Zeitscli.  fiir  Aegypt.  Spra<'h<',"  3!),  3r>. 
t  "Ancient  Reoorfis"  IV,  p.  484. 
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classification  of  land,  and  the  taxes  which  were  collected  on  it.*  The 
village  which  is  most  fully  recorded,  is  that  of  Kerkeosiris,  con- 
taining 4,700  arourcB,  or  about  3,100  feddans,  which  in  the  fifty-second 
year  of  Ptolemy  Euergetes  II  (119-118  B.C.)  were  distributed  as 
follows  : — 


Aroiii-ii' 

I'Vddans 

(iipprox.) 

Ku>jxr,  

Village  site   

4.5-8 

19-2 

TttoXoyov  a^opov  

Uncultivated  laii<l  ... 

111-8 

47-0 

'i^pa  rn  - ,  

Temple,  land   

27U 

179-2 

75-3 

KXr|50U)fixv)  Y?,   

Clernchic  land  

1,064:;  i 
211 

1, 024-0 

4;50-2 

IIapa?Eiiioi   

Gardens  

14-0 

;)-9 

Pastures  not  sul)jeet 

to  rent  

17.'):i 

11.5-0 

48-(; 

UasiXixv)   

Crown  land   

2,427-i!! 

l,fil)0-0 

072-2 

So  that  we  have  here  all  the  principal  divisions  which  have  been 
traced  in  earlier  times,  except  private  property,  but  this  area  may 
very  probably  have  been  but  recently  reclaimed  from  the  condition 
of  waste  land,  having  been  either  unsupplied  with  the  necessary 
water — for  it  is  to-day  at  the  end  of  one  of  the  supply  canals — or,  being 
an  enclosed  basin,  it  may  have  become  water-logged  from  absence  of 
drainage ;  in  either  case  reclamation  had  probably  been  recent,  and  the 
land  was  still  State  property  leased  to  the  cultivators  who  lived  in  the 
village. 

Much  reclamation  was  taking  place  in  theFayum  at  this  period  and 
Kerkeosiris  may  have  been  but  recently  reclaimed  from  a  state  of 
desert  or  swamp,  and  for  this  reason  was  still  crown  property. 

The  office  of  the  komogrammateus,  or  village  scribe,  whose  duty  it 
was  to  keep  the  records  of  the  lands  and  to  furnish  returns  of  them  to 
the  governor  of  the  province,  has  provided  a  large  amount  of  instruc- 
tive information  concerning  the  categories  of  land  at  this  time;  it  is 
included  in  the  annual  reports  that  he  had  to  render,  relating  to 
the  ownership  and  the  cultivation  of  the  land,  as  well  as  to  thc 
revenue  derived  from  it.  In  the  returns  that  have  been  preserved 
arithmetical  errors  are  not  infrequent,  and  in  many  cases  they  seem 

"  •■  Ti'btiinis  I'apyri."  Kjiypt  Kxplnnitiim  Knml.  r.oiKloii.  I!'n2. 
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to  have  been  due  to  an  intention  to  produce  the  result  of  4,700  arouroB, 
whatever  the  correct  total  of  the  actual  figures  might  amount  to. 
In  one  papyrus  the  scribe  Menchis  admits  that  errors  in  his  returns 
have  been  the  occasion  of  reprimand  from  his  superiors. 

It  is  instructive  to  compare  these  classes  of  land  with  those  which 
are  recognized  to-day. 

The  /.My-T)  is  the  village  site  itself,  which  is  known  to-day  as  the 
mkan,  or  the  area  actually  occupied  by  the  dwellings  of  the  villagers, 
together  with  the  free  space  rmmd  it,  the  present  dair  el  naliia.  The 
•j-oAoyov  xoofov  is  the  uncultivated  land,  or  hur  ;  it  is  sometimes 
described  as  free  from  tax,  r/.-r6;  y.-.TOuTsuc,  to  distinguish  it 
from  the  crown  lands  which  had  gone  out  of  cultivation,  but  which 
still  had  their  former  rent  assigned  to  them.  With  the  uncultivated 
land  were  also  included  the  threshing-floors  and  the  pigeon-houses, 
and  probably  also  the  canal  dykes.  This  land  belonged  to  the  crown, 
but  did  not  yield  revenue,  and  so  was  classed  separately  from  that 
which  did  do  so.  It  thus  corresponded  to  the  public  utility  land  of  the 
present  time  but  included  also  such  waste  land  as  was  not  leased  to 
cultivators  at  an  annual  rent. 

llxpxSi'TO!  were  the  gardens  and  orchards  on  which  a  special  tax 
was  levied. 

Noy.al  r/,T6c  y.'.'iO'ocswi;  were  pastures  not  subject  to  rent,  or  common 
land,  but  they  probably  belonged  to  the  crown. 

Icpy.  yr,.  or  land  belonging  to  the  temples,  was  divided  between 
the  temples  of  the  first  rank  and  those  of  the  second  rank  ;  it  may 
be  compared  with  the  lands  which  are  to-day  constituted  a  religious 
waqf  for  the  maintenance  of  a  mosque  or  similar  building. 

K>.-/ipo'j/t/tY)  rr,,  or  cleruchic  land,  was  land  held  by  various  persons 
under  grants  from  the  crown  ;  there  were  seven  classes  of  such  persons 
who  fall  into  three  groups  :  the  /.-/tc/.o'..  or  foreign  military  settlers  ; 
the  civil  officials  ;  and  the  native  military  settlers.  This  class  of  land 
calls  to  mind  the  lands  given  to  the  ancestor  of  Mes  already  referred 
to  *  in  the  days  of  the  Pharaoh  Amosis,  and  also  those  which  were 
granted  by  successive  governors  of  Egypt  to  their  officials  or  followers. 

Lastly,  there  was  the  fixTO.ix./)  y'o-  or  crown  land,  some  of  which 
yielded  rent,  while  other  portions  were  uncultivated,  but  had  a  rent 
fixed. 
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Land  on  which  rent  was  reduced  for  any  reason  was  measured  and 
shown  separately  on  the  annual  statement  with  an  explanation.  This 
category  was  a  temporary  one,  and  in  time  after  investigation,  such 
land  was  transferred  to  a  permanent  tax  list  or  classified  as  uncul- 
tivated. 

Another  papyrus  from  Tebtunis  gives  a  detailed  description  of  certain 
small  plots  of  land  on  the  east  side  of  Crocodilopolis  Arsinoe  (Medinet 
el  Fayum)  between  the  road  round  the  town  and  a  large  canal,  and  an 
extract  from  it  has  been  given  in  the  preceding  chapter.  *  The  dimen- 
sions are  given  in  schcenia,  and  the  areas  in  arource;  the  plots  are  of 
the  usual  small  size  ;  some  belong  to  private  individuals,  one  belongs 
to  the  queen,  another  is  recorded  as  common  land,  while  a  public  road 
between  the  private  property  and  a  public  canal  is  separately  registered. 
The  same  conditions  may  be  exactly  paralleled  round  Medinet  el 
Fayum  to-day,  and  the  ownership  and  dimensions  of  the  plots  were 
recorded  in  a  manner  essentially  the  same  at  this  period  as  we  meet 
with  in  the  cadastral  registers  of  1813-1820  and  1853-1859. 

From  the  time  of  the  Arab  conquest  of  Egypt  the  classification  of 
land  was  based  on  the  Mohammedan  law,  and  was  the  outcome  of  the 
cadastral  revisions  which  took  place  from  time  to  time.f  That  which 
more  nearly  affects  the  present  surveyor  is  the  result  of  various  changes 
and  modifications  which  the  viceroys  of  Egypt  have  decreed  in  trans- 
forming the  cadastre  from  the  conditions  which  existed  in  the  eight- 
eenth century  to  those  whicl^  now  prevail. 

An  extremely  able  summary  of  these  changes  was  prepared  for  the 
use  of  the  Commission  of  Enquiry  %  which  investigated  the  finances 
of  the  country  in  1878-1880,  by  H.E.  Butros  Pasha  Ghali,  and  it  has 
been  freely  utilized  in  this  chapter,  while  Yacoub  Pasha  Artin  has 
discussed  the  subject  of  land-tenure  and  land-tax  in  his  book,  "  La 
propriete  fonciere  en  Egypte,"  published  in  1883  by  the  Institut 
Egyptien. 

According  to  the  Mohammedan  law,  "  kharagi "  lands  are  the 
property  of  the  Beit  el  Mai  or  Public  Domain,  the  cultivators  having 
only  the  right  of  usufruct  on  condition  of  cultivating  them  and  paying 
the  tax  "  kharag  "  ;  "  kharagi  "  thus  denotes  contribu table  lands. 


•  p.  53. 

t  See  Chapter  IV,  p.  55. 

I  In  accordance  with  a  resolution  passed  at  the  sitting  of  January  10,  18S0. 
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The  transfer  of  these  lands  by  inheritance  is  not  admitted  and  the 
heir  of  a  cultivator  cannot  claim  the  ownership  of  such  land,  but  it  is 
disposed  of  by  the  administrator  of  the  Public  Domain  as  seems  good, 
though  the  heirs  of  previous  cultivators  are  given  preference,  if  they 
are  able  to  cultivate  the  land  and  pay  the  tax. 

Before  the  time  of  Mohammed  Ali  Pasha  the  Government  conceded 
its  rights  to  nobles  and  officials  of  the  State  in  return  for  sums  paid 
for  such  concessions.  The  villages  were  put  up  to  auction  and  knocked 
down  to  the  highest  bidder,  who  became  the  concessionnaire  (mul- 
tazim).  To  him  was  given  a  deed  (taxit)  setting  forth  the  terms  of 
the  concession,  and  an  order  to  the  sheikhs  and  inhabitants  of  the 
village,  instructing  them  to  obey  him  and  to  pay  to  him  the  taxes. 
A  portion  of  the  lands  of  the  village,  known  as  "  wassia,"  were  reserved 
for  his  own  use,  and  a  certain  sum  of  money  was  allotted  to  him  to 
indemnify  him  for  the  responsibility  of  collecting  the  taxes.  He  thus 
replaced  the  Government  and  became  virtually  the  owner  of  the 
villages  and  the  villagers  were  practically  his  serfs. 

Besides  the  "  kharagi "  lands  which  were  thus  conceded  to  the 
multazims,  there  was  another  category  known  as  "  rizqa  "  ;  these 
were  exempt  from  all  taxes  and  the  full  ownership  belonged  to  the 
holders  or  to  religious  foundations. 

Sixch  was  the  state  of  affairs  up  to  1812,  but  in  1813  Mohammed 
Ali  Pasha  prohibited  the  concession  of  villages,  and  withdrew  from 
all  multazims  their  concessions,  leaving,  however,  to  those  of  Giza 
and  Lower  Egypt  the  lands  reserved  to  them  personally  (wassia),  and 
exempting  these  from  tax ;  they  further  received  an  allowance  (faiz) 
in  place  of  the  special  tax  which  the  villagers  had  hitherto  paid  to 
them.  In  Upper  Egypt,  where  the  iiiultazims  were  in  revolt,  their 
"  wassia  "  lands  were  confiscated,  and  added  to  the  "  kharagi "  class. 
Other  concessions  which  had  been  given  to  high  officials,  or  constituted 
waqfs,  were  also  taken  by  the  Government  for  an  annual  rent, 
which  was  paid  by  the  Pension  Office  (Ruznama);  the  "rizqa"  too  were 
similarly  dealt  with.  These  special  categories  no  longer  therefore  existed 
in  and  after  1813,  but  their  names  are  frequently  met  with  as  the 
t  itles  of  '•  hods  "  which  contain  the  lands  which  were  once  allotted 
m  these  ways  (see  p.  65). 

In  1813  a  cadastral  survey  of  the  cultivable  lands  was  undertaken, 
and  they  were  all  recorded  under  the  name  of  the  village  to  which  they 
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belonged  ;  at  the  same  time  they  were  valued  and  the  tax  that  they 
should  pay  was  assessed.  A  certain  proportion  of  the  lands  of  each 
village — 4  feddans  in  each  104 — was  exempted  from  tax;  and  was 
allotted  to  the  sheikhs  of  the  villages  in  compensation  for  the  services 
which  they  had  to  render  to  the  Government.  The  uncultivated  lands 
v/ere  omitted  from  the  cadastre,  and  classed  as  "abadia."  The 
"wassia"  lands  paid  no  tax,  and  were  also  omitted  from  the  cadastre. 

From  this  time,  then,  the  categories  of  land  were:  "kharagi"  lands  on 
which  rates  of  tax  were  imposed  according  to  their  fertility,  "  wassia," 
and  "  abadia." 

The  maximum  rate  of  tax  in  Lower  Egypt  was  20  "  mishts  "  of  two 
and  a  quarter  piastres,  and  in  Upper  Egypt  22  mishts,  the  minimum 
being  2  mishts. 

In  1820  another  classification  was  made,  but  there  seem  to  have  been 
others  in  1818  and  1819  from  a  note  on  the  register  of  Sharqia  province, 
which  refers  to  them  ;  another  took  place  in  1824,  but  all  these  seem 
to  have  been  re-assessments  of  tax  rather  than  any  modification  of  the 
categories  of  land  recorded  in  the  registers. 

Some  years  later  a  decree  dated  11  Gamad  el  Awal,  1253  (August  13 
1839)  orders  that  the  lands  of  villages  whose  inhabitants  were  unable 
to  pay  their  taxes  should  be  divided  among  those  of  other  villages  who 
could  do  so,  and  from  them  the  arrears  of  tax  were  to  be  collected. 
This  must  have  led  to  some  considerable  alteration  of  boundaries,  but 
as  no  maps  of  village  lands  then  existed,  the  changes  can  no  longer  be 
traced. 

A  decree  of  Abbas  Pasha  dated  19  Zilkada,  1267  (September  15, 1851) 
authorizes  the  sale  by  auction  of  lands  which  had  not  been  included 
in  the  cadastre,  and  of  excesses  which  were  found  in  the  lands  occupied 
by  cultivators,  to  the  purchaser  who  undertook  to  pay  the  highest  tax. 

Another  decree  of  8  Shawal,  1272  (December  21,  1858),  authorizes 
the  sale  of  "kharagi"  lands  which  had  been  abandoned  by  their 
occupiers  as  not  repaying  cultivation  under  existing  conditions  ;  these 
might  be  sold  either  to  Egyptians  or  Europeans,  subject  to  paying  one- 
tenth  of  their  yield  to  the  State  (Ushuri). 

In  the  absence  of  maps  by  means  of  which  the  areas  occupied  by 
cultivators  could  be  checked,  many  had  encroached  largely  on  land 
wliich  belonged  to  the  State  and  paid  neither  rent  nor  tax.  Said  Pasha, 
by  a  decree  dated  28  Zilkada,  1273  (July  20, 1857)  authorized  any  such 
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excess  over  the  area  recorded  in  the  cadastral  registers  being  given  to 
anyone  who  gave  information  of  such  encroachment,  provided  he  paid 
the  yearly  tax. 

A  decree  of  Ismail  Pasha  dated  1  Gamad  Awal,  1282  (September  22, 
1865)  orders  the  sale  as  "kharagi"  of  cultivable  lands  which  had  not 
been  included  in  the  cadastre,  and  as  "  ushuri "  of  any  abandoned  or 
deteriorated  lands. 

At  the  time  when  the  State  Lands  Survey  of  1892  was  commenced, 
the  categories  of  land  which  were  recorded  were  broadly  divisible 
into  State  lands  and  private  lands.  The  former  included  both  lands 
of  pubHc  utiHty,  such  as  railways,  roads,  canals,  etc.,*  which  had  been 
declared  as  such  by  decree  and  could  not  be  sold  or  otherwise  dis- 
posed of  except  by  virtue  of  a  new  decree  removing  them  from  this 
category  (the  Public  Domain);  and  secondly,  the  rest  of  the  State 
property  which  could  be  sold  or  leased  by  the  Minister  of  Finance. 
Private  lands  were  classed  as  "kharagi"  or  "ushuri,"  and  there  were 
also  certain  portions  which,  though  owned  and  bought  and  sold,  were 
not  included  in  the  list  of  property  belonging  to  individuals ;  the 
village  site  was  thus  recorded  as  a  whole  area  since  no  tax  was 
imposed  upon  it,  but  the  parts  of  it  which  were  owned  by  individuals 
were  neither  delimited  nor  measured,  nor  were  their  areas  added  to 
the  recorded  area  of  their  property,  since  this  included  tax-paying 
land  only. 

The  land-register  therefore  showed  : — 

(1)  the  land  of  each  landowner  ; 

(2)  the  saleable  land  of  the  Government ; 

(3)  the  land  of  public  utility  ; 

(4)  the  village  site  ; 

(5)  the  tlireshing  floor  of  the  village. 

The  area  of  the  last  was  divided  among  the  landowners,  and  the 
corresponding  tax  collected  from  them  without,  however,  considering 
them  as  the  owners  of  the  piece  of  the  threshing  floor  for  which  they 
paid  tax. 

This  comprises  all  the  distinct  categories  of  land,  though  special 
cases  existed  which  were  treated  distinctly,  as  will  be  referred  to  in 
Chapter  XVII,  but  a  different  division  also  existed  which  was  based 
on  the  position  of  the  land  and  not  upon  its  character.    The  village 

•  Si  !}  Civil  Co&v,  Art. 
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was  naturally  the  administrative  unit,  but  it  might  vary  greatly 
in  size  from  a  few  feddans  up  to  as  much  as  50,000  feddans  ;  sub- 
division of  the  village  area  was  therefore  necessary,  and  it  had  doubtless 
existed  from  very  early  times.  At  the  present  day  such  a  subdivision 
is  known  as  a  "hod,"*  and  although  no  special  reference  to  such  a 
subdivision  is  known  in  ancient  Egypt,  it  may  well  have  existed.  In 
Gra3co-Roman  times  the  -i-^iyuvj.y.  seems  to  have  answered  to  it  to 
some  extent,  but  perhaps  corresponded  more  to  the  "  hosha,"  an 
area  surrounded  by  a  dyke  and  so  separated  from  the  inundated  fields, 
than  to  a  normal  subdivision  of  the  village.  It  was  probably  intended 
originally  to  afford  a  ready  means  of  assessing  tax,  the  land  in  each 
"hod"  being  of  nearly  the  same  quality,  but  this  character  had  not 
been  maintained  during  the  lapse  of  time,  although  a  decree  dated 
8  Gamad  el  Awal,  1271  (Januarj'  27,  1855)  had  attempted  to  re- 
establish it  in  a  drastic  manner  by  raising  the  tax  on  all  plots  to  the 
highest  rate  prevailing  in  the  "  hod." 

There  was  no  reason  why  the  boundaries  of  the  "  hods "  should 
not  have  existed  unchanged  for  centuries,  but  in  practice  there  was 
often  considerable  uncertainty  in  the  neighbourhood  of  uncultivated 
land  or  where  land  had  passed  out  of  cultivation  and  had  then  been 
reclaimed  after  some  years.  Village  boundaries  were  well  known, 
since  they  represented  the  limits  of  the  authority  of  the  head  of  the 
village,  and  the  tax  on  the  lands  enclosed  by  them  was  paid  through 
the  village  ;  "  hods "  had  no  such  guarantee  of  permanence  and, 
therefore,  their  boundaries  became  in  many  cases  difficult  to  locate 
with  accuracy.  This  was  the  experience  of  the  Commission  of  1895-1890 
which  was  appointed  to  assess  the  land-tax.  The  "  hod  "  was  naturally 
the  unit,  since  the  jilot  was  far  too  small  an  area  to  deal  with,  but  in 
the  absence  of  all  maps  the  identification  of  the  hod  limits  was 
difficult,  and  the  boundaries  adopted  became  at  times  little  more 
than  an  approximation  to  the  ancient  limits.  However,  this  did 
not  prevent  the  work  from  being  carried  out  so  long  as  it  was  only  a 
question  of  deciding  the  amount  of  land-tax  which  a  village  should 
pay,  but  it  was  very  different  when  it  came  to  imposing  a  revised 
rate  of  tax  on  each  holding  in  order  that  the  amount  due  annually 


*  In  Upper  Egypt  the  word  "  qibala"  was  used,  but  during  the  present  survey  the  word  "Iiod" 
has  been  il!,ed  thi'o'iigho'ut  the  ('(junfry. 
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from  each  landowner  might  be  recovered.  Usually,  a  property 
consisted  of  several  pieces  of  land  situated  in  different  parts  of  the 
village  and  bearing  different  rates  of  tax,  so  that  before  any  re- 
assessment of  tax  was  possible  a  detailed  survey  of  the  whole  of  the 
lands  had  to  be  made. 

During  a  long  series  of  years,  as  a  result  of  numerous  changes  due 
now  to  superior  order,  at  another  time  to  the  convenience  of  the 
principal  proprietor,  or  again  to  any  of  the  numerous  causes  which 
might  lead  to  modifications,  the  size  of  "hods"  had  become  very 
variable,  whatever  they  might  once  have  been.  For  a  single  rate  of 
tax  to  be  imposed  on  all  plots  in  a  hod,  it  was  necessary  that  the 
quality  of  the  land  should  be  appreciably  the  same  throughout,  and 
this  could  only  be  attained  by  reducing  the  hod  to  a  moderate 
size.  Consequently  in  the  revised  instructions  which  were  prepared 
in  1897  to  facilitate  the  work  of  the  re-assessment  Commission,  it  was 
laid  down  that : — 

(a)  The  area  of  the  "  hod  "  should  be  as  a  general  rule  from  50  to 
100  feddans,  smaller  "  hods"  should  be  the  exception. 

(6)  The  land  must  be  in  one  piece,  and  the  cultivated  or  cultivable 
area  must  be  as  nearly  as  possible  of  one  quality ;  the  system 
of  irrigation  must  be  the  same. 

(c)  Uncultivable  land  ("talif")  to  any  extent  might  be  included 
in  a  "  hod  "  of  cultivated  land,  but  no  land,  cultivated  or  cul- 
tivable, in  excess  of  five  per  cent,  of  the  area  of  the  proposed 
"  hod  "  might  be  included  which  was  a  different  quality  from 
that  of  the  rest  of  the  "  hod." 

((/)  The  shape  should  be  as  regular  as  possible. 

(e)  Natural  boundaries  should  be  made  use  of  wherever  possible. 

Names  and  numbers  were  to  be  given  to  the  new  hods  thus 
formed,  the  naming  being  left  to  the  village  authorities ;  the  result 
has  been  that  the  old  names  of  divisions  of  the  village  have  been 
retained  for  those  of  the  new  ones  which  most  nearly  corresponded 
to  them,  while  new  names  have  been  allotted  to  the  others.  These 
new  names  are  of  course  Arabic,  but  among  the  old  ones  are  many  of 
Coptic  origin  which  date  back  sometimes  with  little  change  to  the 
times  of  ancient  Egypt.    It  is  certain  that  these  hod  lists  contain 
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many  names  which  are  to-day  the  sole  record  of  villages  which  have 
long  since  passed  away,  and  are  consequently  of  considerable  interest 
to  the  historian  and  the  geographer.*  Besides  names  of  this  class,  there 
is  another  category  of  hod  names  of  which  the  origin  has  not  so 
far  been  explained ;  the  names  here  take  the  form  of  a  number, 
thirty,  eighty,  a  hundred,  etc.  These  are  very  common,  while  less  fre- 
quently fractions  such  as  a  half,  a  quarter,  etc.,  occur  as  names.  As 
these  names  occur  in  early  Coptic  documents,  fanciful  explanations 
which  attribute  them  to  recent  events  in  the  village  are  not  worthy 
of  credence. 

Legal  expropriation  of  land  which  'is  required  for  public  purposes 
is  an  introduction  of  recent  date,  for  thirty  years  ago  such  land  was 
seized  by  the  Government  when  it  was  required.  As  a  consequence 
of  this,  title-deeds  of  property  sometimes  include  the  land  which  at 
present  is  occupied  by  the  older  railways  and  canals,  and  though 
these  cases  usually  cause  but  little  doubt,  there  may  be  a  strip  of 
disputed  land  of  which  the  landowner  is  constantly  endeavouring  to 
resume  possession.  Results  of  this  are  that  the  canal  dykes  are  in 
some  places  being  dug  away,  while  in  others  the  mud  removed  from 
the  canal-bed  in  the  annual  clearings  is  added  to  the  dyke,  which 
thus  tends  to  encroach  on  the  fields.  For  the  purposes  of  taxation  only 
no  difficulty  is  caused,  since  the  tax  is  imposed  on  the  land  which  is 
effectively  occupied,  but  although  the  present  land-registers  give  no 
guarantee  of  title,  proprietors  are  not  unnaturally  anxious  to  have  all 
land  that  they  consider  theirs  by  right  recorded  in  their  name,  and 
would  willingly  pay  tax  on  land  which  they  could  not  for  the  while  cul- 
tivate, if  thereby  they  could  obtain  prima  facie  evidence  of  their  right 
to  it.  This  desire  has  furnished  very  numerous  complaints  against 
the  Survey,  which  was,  however,  only  concerned  with  recording 
effective  occupation  for  the  purpose  of  assessing  and  collecting  the 
land-tax,  and  had  no  authority  to  decide  in  such  cases  of  disputed 
claims. 


'  They  are  given  on  mo&t  of  the  cadastral  maps  and  iu  tlie  lists  of  revised  rates  of  tax  which 
were  published  in  fhc  ••  Official  Journal  "  from  1899  to  1907  as  the  re-assessment  of  each  province 
was  completed. 
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The  twofold  classification  of  land  which  existed  at  the  commence- 
ment of  the  recent  survey  was,  therefore  : — 

FiscAi   T.  Private  lands   («)  Klianigi 

(l>)  Uslmri 
(c)  Untaxed 
{(1)  Town  lauds. 

II.  State  lands...    (a)  Public  utility 

Saleable  State  lands. 

GrEOGUAPHicAL   Provinces,  fourteen  in  number 

Districts,  seventy-seven  in  number 

Villages 

Hods 

Plots. 

In  the  cases  of  the  two  cities  of  Cairo  and  Alexandria  the  lands 
recorded  in  the  land-registers  do  not  account  for  the  whole  area. 
In  the  former  case  the  registers  of  the  Qaliubia  and  Giza  provinces, 
and  in  the  latter  case  those  of  Beheira  province  leave  a  certain  amount 
of  land,  mostly  built  upon,  unaccounted  for,  since  no  land-tax  is  being 
collected  from  it,  but  house-tax  is  imposed  imder  the  authority  of  a 
decree  of  March  13,  1884. 

Riparian  lands  which  are  under  the  water  of  the  Nile  in  flood-time, 
and  are  only  wholly  exposed  at  low  stage,  necessitate  special  treatment, 
since  they  are  constantly  changing,  being  increased  in  area  by  depo- 
sition, or  reduced  by  erosion.  They  are,  therefore,  measured  annually 
after  the  flood,  and  divided  up  amongst  those  who  own  these  lands  in  pro- 
portion to  the  amount  that  they  are  recorded  as  owning.  (Cf.  ch.  XVI.) 

In  1884  (*)  a  decree  was  passed  authorizing  the  sale  of  uncultivated 
lands  which  had  not  been  included  by  the  cadastre  then  in  progress. 
The  cadastral  surveyors  were  required  to  make  plans  of  all  such 
lands,  which  were  described  as  "  Kharig  el  Zimam,"  to  furnish  the 
purchaser  with  a  copy,  and  to  file  the  original  in  the  office  of  the 
cadastre.  Most  of  these  lands  have  been  included  in  the  recent 
survey  except  in  the  case  where  owners  have  not  indicated  them,  or 
the  village  authorities  have  not  pointed  out  boundaries  so  as  to  include 
them  ;  but  in  most  cases  the  tendency  was  to  demand  that  additional 
land  on  the  desert  margin  should  be  enclosed  within  the  village 
boundary  if  there  was  any  prospect  of  its  being  reclaimed  in  the  future. 
No  marked  boundaries  existed,  so  that  the  surveyors  had  to  be  guided 
wholly  by  the  statements  of  the  sheikhs  of  the  village.  Such  land,  if 
not  effectively  occupied,  or  if  no  reasonable  claim  was  established  to 
it,  was  recorded  during  the  recent  survey  as  State  property. 

»  It)  Zilkaadii,  1301  (Scii'teinber  9,  1884). 
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CHAPTER  VI. 

Land  Survey,  1800-1877. 

When  Mohammed  AU  Pasha  had  estabhshed  himself  in  power,  and 
was  able  to  turn  his  attention  to  the  administration  of  the  comitry, 
he  found  that  a  re-measurement  of  the  cultivable  lands  was  urgently 
required.  As  a  first  step,  he  fixed  the  unit  of  area,  the  feddan,  at  333-J 
square  qassabas,  as  already  mentioned  (see  p.  41),  and  then  ordered  a 
uniform  cadastre  to  be  carried  out  under  the  direction  of  Muallim  Ghali, 
an  official  whose  functions  corresponded  to  those  of  the  head  of  a 
finance  department.  Mengin,  in  his  account  of  these  times,  seems  to 
think  that  the  length  of  the  qassaba  was  at  the  end  of  the  survey 
reduced  to  3-64  metres.*  This  work  was  commenced  in  1813  and 
was  completed  a  few  years  later;  it  consisted,  as  the  previous  cadastres 
had  done,  of  the  measurement  of  properties,  the  determination  of  their 
areas,  and  the  registration  of  these  data  and  such  other  information 
as  was  necessary  in  land-registers,  "  gontags,"  for  each  village.  But 
even  at  this  time  the  feddan  was  not  made  uniform  throughout  the 
country,  for  in  some  places  such  as  the  provinces  of  Menufia  and 
Qaliubia  feddans  of  less  than  333|  square  qassabas  existed  and  these 
were  left  imclianged ;  the  length  of  the  qassaba,  too,  had  not  been 
officially  fixed  and  it  varied  to  some  extent  in  different  provinces. 
About  1823  an  Italian  engineer,  Masi,  was  employed  to  prepare 
cadastral  maps  of  the  country  and  he, trained  a  number  of  young 
Egyptians  in  surveying.  With  them  he  prepared  maps  of  about 
sixty  villages  in  Sharqia  province  on  which  property  boundaries  were 
shown.  These  are  said  to  have  been  deposited  in  the  Government 
offices,  but  no  trace  of  them  can  now  be  found.  For  work  of  this  kind 
a  definite  unit  of  measurement  was  necessary,  and  Mengin  says  that 
Masi  used  a  qassaba  of  which  the  length  was  3-64  metres ;  Lane  also 
states  that  Masi  gave  him  this  value  for  the  qassaba  in  use  at  that 
time.  He  may  have  derived  it  from  those  which  he  found  in  use 
in  Sharqia  at  the  time  of  his  survey. 


•  "lli.sluire  lit;  rKj,'\i)te  bims  Jlulieiiift  Ali."  I'aris,  iSZ'i,  Vol.  JI,  p.  342. 


Linant  Pasha  *  records  that  in  1834,  when  work  was  first  com- 
menced at  the  head  of  the  Delta  in  order  to  construct  a  barrage,  a 
complete  scheme  of  irrigation  was  under  consideration  and  it  was 
then  the  Viceroy's  intention  to  carry  it  out.  In  order  to  effect 
this,  an  accurate  topographical  map  of  the  country  was  required  and 
this  was  to  be  supplemented  by  a  complete  cadastral  survey  in  the 
course  of  which  maps  indicating  individual  holdings  were  to  be  pre- 
pared. This  was  doubtless  the  result  of  the  experimental  survey  made 
by  Masi  in  Sharqia  province,  ten  years  before.  The  necessary  instru- 
ments were  ordered,  but  by  the  time  that  they  arrived  work  on  the 
barrage  had  been  suspended,  and  the  scheme  for  a  systematic  survey 
of  the  country  had  been  shelved. 

In  1840  f  Mohammed  Ali  Pasha  ordered  a  map  of  the  Fayum  to  be 
prepared  and  this  was  done  on  the  scale  of  1  :  10,000  under  Linant 
Pasha's  superintendence.  Preparations  were  made  later  on  for 
measuring  a  base  for  triangulation  between  Abbassia  and  Khanka, 
near  Cairo  on  the  eastern  desert,  but  nothing  more  was  done.  J 

Between  1270-1276  A.H.  (1853-1859  A.D.)  by  the  order  of  the 
Viceroy,  Said  Pasha,  a  complete  measurement  of  all  the  cultivable 
lands  of  Egypt  was  made  under  the  direction  of  Bahgat  Pasha.  From 
a  remark  by  Linant  Pasha  §  it  would  seem  that  cadastral  maps  of 
portions  at  least  of  the  country  were  made,  for  he  refers  to  the  cadastral 
maps  of  Beni  Suef,  Menufia  and  Gharbia,  which  were  prepared  by 
Bahgat  Bey,  but  which  were  afterwards  distributed  and  lost.  In  the 
villages  of  Upper  Egypt,  where  the  registers  prepared  in  this  survey 
are  still  in  use,  there  is  no  trace  of  any  maps,  and  it  seems  that 
after  commencing  work  on  a  basis  which  included  the  preparation  of 
maps,  Bahgat  Pasha  was  obliged  to  reduce  his  scale  of  operations  and 
to  repeat  the  methods  of  earlier  times  by  only  measuring  the  dimen- 
sions of  holdings,  computing  the  areas,  and  recording  all  this  infor- 
mation in  the  land-register  of  the  village  together  with  the  name 
of  the  owner,  the  rate  of  tax  and  other  such  details.  The  later 
cadastre  of  1878-1888  never  extended  its  operations  to  Upper  Egypt ; 
so  the  survey  of  Bahgat  Pasha  of  1270-1276  A.H.  (1853-1859  A.D.) 


♦  "  Mdnoire  sur  les  principaux  travaux  d'utilitfe  publiqiic  exfieuWg  cn  Egypte."  Paris  1872. 

p.  m. 

t  lilNAXT,  p.  192. 
I  LlXAXT,  1).  494. 
§  ],INAXT.  p.  49."). 
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has  been  the  principal  record  of  ownership  since  the  date  of  its  com- 
pletion. It  even  possesses  certain  information  which  makes  it  more 
useful  to  the  villagers  than  the  registers  of  the  cadastre  which  have 
just  been  finished,  for  it  contains  the  dimensions  of  each  holding  as 
well  as  the  area,  whereas  the  registers  recently  prepared  in  order  to 
re-assess  the  land-tax  contain  the  area  only,  since  the  time  at  the 
disposal  of  the  surveyors  was  not  sufficient  to  allow  them  to  measure 
and  record  aU  the  sides  and  the  diagonals  of  each  plot,  but  only  to 
take  the  measurements  necessary  for  plotting  an  accurate  plan  of  the 
holdings  on  a  map.  Since  groups  of  parallel  plots  are  adequately 
surveyed  by  measuring  the  breadth  of  each  at  either  end  of  the  plot, 
and  their  lengths  at  each  end  of  the  group,  this  procedure  occupies 
much  less  time  than  to  make  complete  and  independent  measurements 
of  each  plot,  in  addition  to  those  which  are  necessary  for  locating  the 
position  of  the  plot  in  the  village.  Besides  this,  such  dimensioned 
plans  of  the  plots  would  have  had  no  legal  significance,  since  the 
Survey  Department  has  neither  the  means  for  ascertaining  who  is 
the  legal  owner  of  the  plot  nor  the  authority  to  decide  disputed  cases 
which  may  arise. 

In  consequence  of  containing  information  relating  to  the  dimensions 
of  each  plot,  the  cadastral  registers  of  Bahgat  Pasha's  survey  are  still 
in  general  use  in  Upper  Egypt  wherever  basin  irrigation  prevails,  and 
the  land  has  to  be  laid  out  annually ;  where  perennial  irrigation  has 
been  introduced  recently,  the  present  maps  and  registers  will  rapidly 
supersede  them.  At  the  time  of  Bahgat  Pasha's  survey  the  feddan 
had  already  been  defined  as  containing  333J  square  qassabas,  but  the 
length  of  the  qassaba  itself  was  more  uncertain  for  it  had  not  been  yet 
laid  down  by  any  competent  authority.  It  was  at  this  time  shorter 
than  that  of  3-64  metres  which  Masi  had  used  in  1823  and  approxi- 
mated to  3-50  metres  (see  p.  39),  at  any  rate  in  Upper  Egypt.  As  an 
instance  of  the  method  employed  in  the  land-registers  of  this  cadastre, 
an  extract  is  given  here  from  the  entries  relating  to  the  "  qibala  " 
or  "  hod  "  of  Gharbi  el  Tariq,  which  formed  a  part  of  the  village  of 
Sohag  in  Upper  Egypt,*  which  may  be  compared  with  the  description 
of  a  portion  of  Crocodilopohs  Arsinoe  (Medinet  el  Fayum)  given  on 
page  53  from  a  papyrus  of  Ptolemaic  date. 


*  From  ail  Arabic  copy,  comnmiiioatpd  hy  Mr.  H.  G.  Skill. 
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(na„siut!,m).  Praise  be  to  God. 

By  God's  will  may  this  book  containing  the  survey  information  about  lands 
in  Soiiag  Village,  Girga  Province,  be  blessed.  Under  the  superintendence  of 
Ali  Eff.  El  Darwish,  Moawin  of  the  province;  entries  by  Haiuia  Nakhlaof  Toma 
and  Eciladios  Nakhla  of  same  village  and  Said  Bishai  of  Sohag;  chainmen 
Mbarak  Botros  and  Habashi  Abd  el  Malak  of  the  villaire.  Indications  furnishep 
by  the  "dallal"  Ayub  el  Kholi  of  Sohag  in  127(;  A.H. " 


I. 

II. 

III. 

rv. 

Ahmed  Pusha  Riished 
(by  Gift) 

Ibrahim  Mannaa 

and  Moh.  el  Arif. 

The  befnr(»- 

mentioned. 

Dimensions  < 

63  5i 
63  5j 

65i  20| 
63'  27^1 

22  35 
27i  341 

Mean              oJj-  40 

b.s  a.j 

b4J  J.ifi 

Product :  2,490 

334 

1,.544 

857 

F.      Q.  8. 

Equivalent:  7    11  8 

F.       Q.  S. 
1        0  0 

F.        Q.  S. 

4      15  4 

F.      <J.  8. 

Deduct  Bur*  new  canal. 

*-u«  r^:f+ 
in  tne  ijriit. 

Bur  new  canal. 

Bur  new  canal. 

Bur  new  canal. 

■r^.       •       (41  8'i 
Dimensions  j  

11  5 

20.t  11 

.35  11. 

Mean             41  9| 

11  5 

m  11 

35  11 

Product:  403 

58 

223 

.385 

F.     Q.  S. 

Equivalent:    15  0 

F.       Q.  S. 

0     4  4 

F.        Q.  S. 

()     16  0 

p.      Q.  S. 

1      M     1  *: 

Net:             C    6  8 

0    19  20 

3     23  4 

1   10  0 

V. 

VI. 

VII. 

The  before-mentioned 
(Bur  canal). 

Ibrahim  Hagga. 

The  before- 
mentioned. 

Dimensions  |  '^^^ 

10  16 

11  16 

12  10 
12  11 

Mean             13  100 

10  16 

12  10 

Product :  1,354 

176 

128 

V.      Q.  s. 

Equivalent:  4     1  12 

v.      Q.  S. 

0    12  16 

F.       Q.  S. 

0     9  4 

Cultivated  by  Ahmed 
and  Mohammed  el  Arif. 

Sharaqi  lands. 

Sharaqi  lands. 

Deduct:       1     2  Ci 

V.      Q.  R. 

0  18 

F.      Q.  8. 

0     0  16 

Net:            2   23  12 

0   11  8 

0     8  12 

Ahmed  El  Arif  and  Mohammed  El  Arif 


vm. 

j  land  owned  in  shares  without 
I  boundaries  being  determined. 

15 


Dimensions 

3 

1  2 

28 

2 

39 

•) 

Mean    ...  . 

..  2 

28 

2 

39 

2 

Product : 

71 

78 

31 

15 


Equivalent :  Square  Qassabas  180  =  0 


13 


XJncultivable  land. 
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IX. 

X. 

XI. 

Ibrahim  Hogga. 

Badawi  Hogga. 

Ahmed  el  Kol)sh 
Bur  Sharaqi.* 

Dimensions 

(  9  16*5 

!  10  17 

10  22 
9  22 

11  15 
10  17 

Mean  

iU  Iti 

9  22 

10  IC 

Product : 

159 

214 

171 

Equivalent : 

V.     Q.  a. 
0    11  12 

r.        Q.  s. 
0      15  8 

K.           Q.  S. 

0      12  8 

Deduct  Bur  Gisr : 

0       0  20 

Net: 

0      14  12 

XII. 

xni. 

Abdel  Kerim  Bezada 

Land 

owned  in  shares  without  boundaries 
being  determined. 

Dimensions  | 

8  3 

103 

3         28           3         94  3-5 

9  — 

Mean  

8  3 

103 

2         28           3         94  3-5 

Product : 

2() 

57 

84  329 

Equivalent : 

I'.     Q.  .S. 

0    1  20 

V.    Q.  S. 

670  =  2   0  8 

XIV. 

Abdel  Kader  Abu  Doh 

Dimensions  ■ 

10  10-5 
8  10 

Mean  

9  10 

Product : 

92 

Equivalent : 

K.     W.  S. 

0   ()  If) 

The  dimensions  are  given  in  qassabas,  and  the  product  in  square  qassabas 
which  are  converted  into  feddans,  qirats  and  sahms. 


•  Unirrigated  land. 


—  73  — 


In  1858  the  question  of  a  general  map  of  Egypt  was  again  taken  up, 
and  the  Viceroy  Said  Pasha  appointed  a  commission  to  study  the 
subject  and  to  carry  out  the  work.  On  its  recommendation,  geodetic 
instruments  of  the  best  type  then  made  were  ordered  from  the  firm 
of  Briinner,  of  Paris ;  they  consisted  of  one  4-metre  base-bar  which 
was  composed  of  a  bar  of  platinum  and  another  of  brass,  mounted  on 
an  iron  support  of  T-shaped  section  (this  apparatus  is  described  in 
Chapter  XI) ;  two  geodetic  theodolites  with  circles  of  40  centimetres 
in  diameter,  and  furnished  with  four  microscopes  on  both  the  vertical 
and  horizontal  circles  ;  another  instrument  of  the  same  type  but  with- 
out the  horizontal  circle,  was  also  bought  for  use  as  a  portable 
transit  instrument. 

A  series  of  experiments  were  carried  out  at  Paris  in  order  to  determine 
the  coefficients  of  expansion  of  these  metal  bars,  and  subsequently 
elaborate  comparisons  were  made  at  Madrid  with  another  base-bar  of 
the  same  type  which  belongs  to  the  Spanish  Government.  The  bar 
was  brought  to  Egypt  about  1867,  but  was  not,  so  far  as  I  can  ascertain, 
ever  taken  into  regular  use.  Linant  Pasha  states  *  that  when  the  base- 
bar  did  arrive  from  Paris,  it  was  not  even  unpacked,  but  was  allowed 
to  lie  in  its  box  until  Sir  David  Gill  made  use  of  it  to  measure  a 
short  base  near  the  Pyramids  of  Giza  in  1876.  Later,  another  base 
is  said  to  have  been  measured  along  the  road  to  the  Pyramids  under 
the  direction  of  General  Stone,  of  the  Egyptian  General  Staff,  but  I 
have  been  unable  to  trace  any  account  of  this.  I  am  assured,  however, 
that  in  neither  case  were  the  observations  ever  fully  worked  out,  and 
that  these  bases  were  never  used  in  the  survey  of  the  country ;  the 
bar  itself  was  forgotten  until  a  few  years  ago,  but  at  the  present  time 
it  is  the  principal  standard  of  length  with  which  all  others  in  the 
country  used  by  the  Survey  Department  are  directly  or  indirectly 
compared  (see  Chapter  XI). 

While  Ismail  Effendi  Mustafa  f  was  sent  to  Paris  to  study  astronomy 
and  to  superintend  the  construction  and  verification  of  the  base- 
measuring  apparatus  which  had  been  ordered,  Mahmud  Bey  J  was 
put  in  charge  of  the  surveying  work  in  Egypt,  and  was  instructed  to 


*  X((c.  <•;/.  p.  493. 

t  Aftorwai-ils  Ismail  Paslia  ol  Falaki. 
I  Afterwurils  JIaliimul  I'aslia  el  Falaki, 
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prepare  a  map  of  the  country.  But  these  elaborate  preparations  for 
work  of  a  high  quality  were  soon  abandoned  and  Mahmud  Bey  received 
but  little  support  or  encouragement  in  his  work.  On  a  map  of  the 
Delta,  which  was  published  some  years  later  on  a  scale  of  1 :  200,000, 
it  is  stated  that  when  he  commenced  to  survey  the  country,  neither 
a  base-measuring  apparatus  nor  theodolites  of  precision  existed ; 
he  therefore  determined  the  latitude  and  longitude  of  about  thirty 
points  in  the  Delta,  and  of  others  in  Upper  Egypt,  by  means  of  a 
sextant  and  chronometers.  The  detail  was  surveyed  by  means  of 
plane-tables  used  by  surveyors  who  traversed  the  banks  of  the  Nile  and 
of  the  principal  canals  with  them,  and  located  the  villages  by  inter- 
section. A  note  on  the  map  of  Gharbia  province  states  that  the 
latitude  and  longitude  of  fourteen  towns  were  determined  and  used 
as  a  control.  In  Upper  Egypt  the  same  method  was  adopted,  though 
there  is  no  record  of  the  places  whose  geographical  positions  were  then 
astronomically  determined.  Thus  the  original  scheme  for  a  complete 
cadastral  survey  had  been  wholly  abandoned ;  a  certain  amount  of 
approximate  surveying  was  done,  which  provided  material  for  some 
small-scale  topographical  maps  but  did  not  reach  a  higher  precision 
than  that  of  reconnaissance  work  ;  canals  and  villages  were  shown  and 
but  little  else,  so  that  while  they  were  of  some  use  for  administrative 
purposes  in  a  country  where  no  other  maps  existed,  they  did  not 
facilitate  the  control  of  the  land-tax  nor  did  they  assist  landowners  to 
maintain  a  record  of  their  lands.  Only  a  few  of  the  maps  were  ever 
published,  viz.,  a  map  of  the  Delta  on  the  scale  of  1  :  200,000  in  1871, 
those  of  Qaliubia,  Menufia  and  Gharbia  provinces  in  1871  on  the  scale 
of  1 :  100,000,  and  one  of  Alexandria  and  the  surrounding  country  on 
the  scale  of  1:  50,000;  this  last  map  only  was  controlled  by  triangulation. 
The  originals  of  the  maps  of  Upper  Egypt  which  were  drawn  to  the 
scale  of  1 :  25,000  are  in  the  Map  Store  of  the  Survey  Department,  and 
bear  the  dates  of  1871  or  1872  :  they  are  purely  topographical  and 
indicate  neither  village  nor  district  boundaries.* 


*  Cf.  Lyons,  "Topographical  Surveying  in  Egypt."  Survey  Department,  Cairo,  1909  (in 
the  press). 


The  approximate  areas  of  cultivated  land  as  determined  by  the 
different  measurements  which  were  made  between  1800  and  1877  are 
given  by  Yacoub  Artin  Pasha  : — * 


Year. 

Feddans. 

Keiuarks. 

LS13   

1840   

1852   

i8t;;{   

1875   

3,054,710 
4,491,226 
4,160.169 
4,395,303 
4,703,456 

Tiie  qassabii  was  then  3*64  metres  in  lengtli. 
—Clot  Bey. 

In  all  these  measurements  the  feddan  contained  333^  square  qassabas 
except  in  the  special  cases  which  have  been  referred  to ;  the  qassaba 
had  a  length  of  3-64  metres  in  1813,  of  about  3-50  in  1840  and  1852, 
and  was  fixed  at  3-55  metres  in  1861  by  decree. 

Clot  Bey  gives  the  cultivated  area  in  1840  as  being  made  up  as 
follows  : — 


Feddans. 

1  Lower  Egypt  

Kharagi  lands  in  <  Middle  „   

.  (  Upper  „   

Shiflik  and  abadia  lands   

2,249,000 
856,826 
750,400 
635,000 

Total  

4,491,226 

Boutros  Pasha  Ghali  gives  3,525,169  feddans  as  the  area  of  the 
kharagi  lands  in  1852,  and  if  the  same  number  of  feddans  are  added 
for  the  shiflik  and  abadia  lands  as  given  by  Clot  Bey  in  1840,  we 
obtain  a  total  area  of  4,160,169  feddans. 


•  "  The  right  of  Landed  Property  in  Egypt."  London,  1885,  p.  219  ;  and  '•  M^moires  de  I'lnBtitut 
Egyptien."  Cairo,  1907. 
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With  these  values  may  be  compared  the  total  area  of  about  seven 
and  a  half  millions  of  feddans  of  cultivable  land  measured  by  the 
present  survey.  (See  chapter  X). 

This  period  is  of  considerable  interest,  for  although  no  complete 
survey  in  the  modern  sense  of  the  term  was  accomplished,  it  was  fully 
realised  that  a  better  system  of  measurement  was  desirable,  and  that 
until  maps  existed  on  which  the  position,  shape  and  size  of  each  holding 
were  shown,  no  real  improvement  of  the  system  of  taxation  could  be 
introduced.  The  difficulties  which  prevented  its  achievement  were 
mainly  a  want  of  continuity  in  policy,  for  schemes  were  initiated  only 
to  be  abandoned  a  few  years  later,  and  the  absence  of  an  organization 
such  as  would  enable  those  who  understood  the  principles  of  surveying 
to  form  a  staff  capable  of  carrying  out  the  various  operations.  Indi- 
viduals worked  zealously,  but  such  exertions  were  intermittent,  and 
no  systematic  scheme  was  ever  devised  and  then  steadily  adhered  to. 


CHAPTER  VII. 


The  Cadastre  of  1878-1888. 

An  inquiry  into  the  state  of  the  finances  of  Egypt  having  become 
necessary,  a  Commission  was  instituted  by  the  Khedivial  Decree  of 
January  27,  1878,  in  order  to  verify  the  deficits  in  various  accounts  and 
to  estimate  the  available  revenue. 

In  the  course  of  their  enquiries  it  soon  became  evident  to  the  members 
of  the  Commission  that  the  land-tax  could  not  be  effectively  studied 
until  not  only  the  area  of  each  property  was  accurately  known,  but  also 
the  size  and  position  of  the  various  holdings  of  which  it  was  com- 
posed. The  measurements  made  under  Bahgat  Pasha  in  1853-1859 
furnished  only  the  areas  of  holdings,  and  these  areas,  as  we  have  seen 
in  the  previous  chapter,  depended  on  a  qassaba  which  differed  in  length 
from  that  which  had  been  legalized  in  1861,  and  also  on  a  system  of 
computation  which  was  incorrect,  and  which  might  introduce  errors  of 
considerable  magnitude.*  All  the  cadastral  operations  in  the  past  had 
consisted  in  compiling  lists  of  the  lands  in  each  village,  and  entering 
in  them  the  areas  of  the  various  holdings  which  were  obtained  from 
such  measurements  and  computations  as  these.  The  results  of  one 
such  compilation  might  be  compared  with  another,  and  differences 
enquired  into,  but  no  efficient  control  could  exist  until  each  plot 
of  land  was  not  only  measured  but  also  located,  and  its  position  with 
reference  to  the  surrounding  plots  indicated,  which  could  only  be  done 
by  the  aid  of  large-scale  maps. 

In  Egypt,  where  rain  does  not  furnish  the  moisture  which  vegetation 
needs,  the  position  of  a  piece  of  land  is  of  special  importance.  Fertile 
fields  have  no  value  unless  they  are  within  reach  of  a  canal  or  one  of  the 
smaller  water  channels  which  distribute  the  water  of  the  Nile,  while  a 
landowner  who  is  more  favourably  situated  than  another  can  often  in- 
terfere with  the  supply  of  his  neighbour.  Low-lying  lands  vary  in  value, 
and  if  not  sufficiently  drained  may  be  almost  valueless.  This  important 
factor,  location,  cannot  be  effectively  represented  in  land  registers,  and 


•  See  Chapter  III,  p.  43. 
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the  only  check  upon  the  correct  valuation  of  a  plot  or  the  rate  of  tax 
imposed  upon  it,  is  by  a  re-examination  of  the  classification  in  the  field, 
which  may  be  a  long  and  expensive  operation.  By  using  maps  on 
which  each  holding  or  group  of  holdings  has  been  plotted  to  scale,  any 
anomalies  in  the  rate  of  tax  are  at  once  evident  and  can  be  enquired 
into ;  any  lands  which  are  under  reclamation  can  be  indicated  and 
re-assessed  from  time  to  time;  and  the  same  plot  will  not  be  recorded 
twice  over  in  the  names  of  different  owners.  The  measurement  of 
holdings  and  the  calculation  of  their  areas  may  provide  sufficient 
means  of  collecting  taxes  due  to  the  Government,  but  maps  are  both 
a  safeguard  and  a  great  convenience  to  the  landowners  in  dealing  with 
their  property. 

One  of  the  first  requirements,  therefore,  was  a  cadastral  survey  which 
should  employ  correct  measures  and  accurate  methods  in  order  to 
locate  the  various  properties,  to  determine  the  correct  size  and  shape 
of  each,  to  record  the  same  together  with  the  name  of  the  owner, 
and  to  prepare  maps  to  show  the  position  and  shape  of  each  plot. 

In  accordance  with  the  recommendation  of  the  Committee  of  Enquiry 
a  cadastral  survey  was  authorized  by  the  decree  of  February  9,  1879, 
Mr.  A.  Colvin  *  being  appointed  the  Director-General.  He,  however, 
retired  in  April  of  the  same  year,  and  was  succeeded  by  General  Stone, 
who  was  appointed  Director  on  April  13,  1879.  During  his  period  of 
direction,  technical  operations  were  commenced  under  the  authority 
of  a  decree  of  August  10, 1879,  which  defined  the  limits  of  the  surveying 
operations,  and  directed  that  in  order  to  ensure  a  fair  division  of  the 
land-tax  among  landowners,  a  survey  was  to  be  made  of  the  lands  in 
Upper  and  Lower  Egypt,  as  well  as  a  classification  of  them.  The 
original  documents  were  to  be  preserved  in  the  archives  of  the  Ministry 
of  Finance  while  one  copy  was  to  be  deposited  at  the  Mudiria  and 
another  at  the  office  of  the  cadastre.  The  registers  and  plans  were  to 
be  accessible  to  the  public,  and  copies  were  to  be  supplied  on  payment 
of  a  fee.  This  provided  for  a  complete  cadastral  survey  which  should 
not  only  measure  and  prepare  maps  of  the  country  but  also  possess 
the  necessary  means  of  accurately  recording  landowners'  titles  to  land 
and  of  establishing  a  more  efficient  system  of  registration  than  had 
hitherto  existed. 


•  Aftenvards  Sii-  Auckland  Colvin.  K.C.I!. 
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At  first  the  survey  appears  to  have  been  carried  on  in  a  somewhat 
tentative  manner  ;  no  definite  regulations  seem  to  have  been  issued  to 
the  surveyors,  so  that  each  of  them  could  follow  his  own  view  as  to  the 
most  suitable  method  to  employ.  The  elaborate  base-measuring  appara- 
tus and  the  geodetic  theodolites  which  had  been  purchased  ten  years 
before  were  not  utilized,  probably  because  the  time  that  even  a  second 
order  triangulation  would  have  occupied  was  considered  to  be  a  serious 
objection  to  employing  it ;  unfortunately,  the  usual  practice  of  having 
a  network  of  accurate  triangulation  to  control  and  form  the  basis  of  the 
detail  survey  was  only  partially  adopted,  probably  on  account  of  the 
urgent  necessity  for  completing  the  work  as  soon  as  possible,  but  the 
disadvantages  of  dispensing  with  such  a  control  and  employing  an 
inferior  class  of  triangulation  soon  became  evident.  Numerous  errors 
were  found  when  a  systematic  verification  of  the  work  was  commenced, 
which  would  have  been  detected  during  the  progress  of  the  work  if  a 
well-connected  and  accurate  triangulation  had  existed  and  if  the 
observations  had  been  subjected  to  independent  computation  and 
criticism. 

Work  was  commenced  at  several  points  in  the  provinces  of  Qaliubia, 
Beheira  and  Gharbia,  but,  in  the  absence  of  any  systematic  control, 
reliable  results  were  hardly  to  be  expected.  No  records  remain  to  show 
what  general  scheme  of  operations  was  intended,  but  the  survey  of 
numerous  areas  of  moderate  size,  rather  than  a  single  plan  of  survey 
which  would  embrace  the  whole  country,  seems  to  be  indicated.  The 
4-metre  bar  which  Briinner  of  Paris  had  made  and  which  Sir  David 
Grill  had  used  near  the  Pyramids  of  Giza  in  1876  in  measuring  a  base, 
was  not  employed  in  the  survey  of  the  country  at  this  time  although 
its  length  had  been  carefully  ascertained  by  comparison  with  other 
standards  both  at  Paris  and  Madrid.  Instead  of  utilizing  it,  two  steel 
triple-metre  bars  were  purchased  in  Italy  which  were  presumably 
intended  for  controlhng  the  wooden  rods  which  were  used  for 
measuring  the  bases;  but  as  each  of  these  wooden  rods  was  four 
metres  long,  the  verification  of  them  by  means  of  the  three  parts  of  the 
triple-metre  was  a  troublesome  operation  and  was  soon  abandoned.* 


•  See  Chapter  XI. 
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No  very  definite  information  exists  about  the  technical  methods 
employed  at  this  period  but  it  is  evident  that  the  work  was  too  un- 
controlled to  be  reliable.  Hitherto  all  land-measurements  in  Egypt 
had  been  made  by  means  of  the  qassaba  rod,  but  now  for  the  first  time 
the  20-metre  chain  was  employed  and  was  regarded  with  but  little 
favour  by  the  cultivator,  who  did  not  understand  it  and  mistrusted 
the  results  obtained ;  this  doubtless  increased  the  difficulties  of  the 
survey.  It  was  soon  found  necessary  to  study  the  conditions  of  work 
somewhat  more  closely  if  satisfactory  results  were  to  be  obtained,  and 
in  order  to  effect  this  a  decree  dated  December  27,  1879,  appointed  a 
Commission  to  enquire  into  the  work  of  the  Cadastre,  since  the 
necessity  for  a  more  thorough  organization  and  more  systematic 
checking  of  the  work  was  recognized. 

General  Stone  retired  from  the  Khedivial  Service  in  April,  1880, 
and  the  direction  of  the  Cadastre  was  confided  to  a  Committee  ap- 
pointed by  a  decree  of  April  7,  1880,  and  consisting  of  : — 


The  first  act  of  this  Committee  was  to  institute  an  examination  of 
all  the  surveying  which  had  been  accomplished  during  the  preceding 
twelvemonth,  and  both  the  triangulation  and  the  detail  survey  of  the 
villages  and  holdings  were  tested  in  the  three  provinces  of  Qaliubia, 
Gharbia  and  the  Fayum  where  work  had  been  already  commenced. 
The  Committee  in  their  report  for  the  year  1880  *  draw  attention  to 
the  inaccuracy  of  the  work  and  state  that  in  Gharbia  the  triangulation 
was  inaccurate  and  insufficient  to  control  the  cadastral  survey  of  the 
individual  holdings  ;  in  Qaliubia  30,000  feddans  (12,600  hectares)  had 
been  triangulated  but  no  checking  was  possible,  since  the  observer 
had  rarely  marked  his  stations  permanently.  In  the  Fayum,  only  some 
preliminary  work  had  been  done  and  no  triangulation  had  been 
observed.  In  some  other  provinces  a  Uttle  had  been  done,  but  the 
amount  was  insignificant. 


•  Cairo,  1881. 


Mohammed  Pasha  Rustem. 
Mahmud  Bey  el  Falaki. 


Rousseau  Bey. 
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The  result  of  the  verification  which  was  carried  out  in  the  latter  half 
of  1880  was  as  follows  : — 


I'rovince. 

No.  of  villages 

under 
examinntion. 

No.  of  villages 
rejected. 

No.  of  fcddans 
rejected. 

No.  of  fed  dans 
accepted. 

Total  fcddans. 

Qaliubiii   

Gharbia   

Beheira   

2G 

;i 

a 

9 

24 

:v.\m) 

1,415 
16,(586 

30,000 
18,000 

69,500 
19.415 
16,686 

Total   

29 

29 

57,601 

48,000 

105,601 

Besides  the  examination  of  what  had  already  been  done  a  certain 
area  was  surveyed  under  the  new  organization  and  the  state  of  progress 
at  the  end  of  the  year  1880  was  reported  to  be  as  follows  : — 


Area,  in  Feddans. 


Province. 

Surveyed 
up  to  April 
;ind  a<vcpted. 

Surve\'ed  April 
to  December. 

lieninining 
to  be  surv.^ved. 

Estimated 
total  area 
of  province. 

Qaliiibia  

30,(K)0 

1(;,664 
57,6!U; 

i()t;,i75 

152,839 
863,332 

Gharl)ia  

18,000 

78;),(i94 

Fayum  

18,700 

204,(;75 

223,375 

For  the  last  six  months  of  this  year  the  cost  of  the  work  is  given  as 
follows : — 

Gharbia  :  55,821  feddans  surveyed  for  L.E.  63,136,  or  L.E.  12 

per  100  feddans. 
Fayum  :  14,356  feddans  surveyed  for  L.E.  2,453,  or  L.E.  17 

per  100  feddans,  but  in  these  totals  the  cost  of  the  triangu- 

lation  is  not  included. 

Therefore,  up  to  the  end  of  1880,  198,661  feddans  had  been  surveyed 
since  the  Cadastre  had  been  commenced,  at  a  total  cost  of  L.E.  79,379, 
or  L.E.  40  per  100  feddans,  which  rises  to  L.E.  56  if  the  57,601  feddans 
of  rejected  work  are  omitted,  corresponding  to  a  cost  of  L.E.0-95  and 
L.E.  1*33  per  hectare.    The  purchase  of  instruments,  etc.,  and  the 
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delays  inseparable  from  starting  a  new  piece  of  work  are  partly  account- 
able for  this  high  figure,  but  the  cost  was  undeniably  very  high. 

The  work  was  now  divided  into  three  operations  :  triangulation, 
delimitation  of  village  boundaries,  and  detail  survey  ;  these  were 
carried  on  in  three  provinces,  Gharbia,  Qaliubia,  and  Fayum  by  means 
of  77  survey  parties  which  were  distributed  under  six  inspectors  ;  each 
party  consisted  of  a  surveyor,  an  assistant  or  apprentice,  and  four  chain- 
men,  but  in  many  cases  an  assistant  was  not  available. 

The  distribution  was  as  shown  in  the  following  table  : — 


rrovincc. 

TltlANGULATlON. 

Delimitation. 

Detail 

Inspector^i. 

Survey  Party. 

Inspector. 

Survt'v  Tarty. 

Survey  Paity. 

Gharbia   

Qalinbia  

Fayum   

1 
1 

f)-8 
2 
2 

2 
1 
1 

■4-6 
2 
1 

i;5 

12 

The  Committee,  in  the  report  on  the  Cadastre  for  1880,  record  that  it 
had  been  found  necessary  to  work  on  different  lines  in  the  province  of 
Gharbia  on  the  one  hand,  and  in  those  of  Qaliubia  and  the  Fayum  on 
the  other.  The  staff  employed  varied  greatly  in  training  and  technical 
knowledge,  so  that  it  was  considered  preferable  under  the  circumstances 
to  give  up  the  idea  of  making  a  general  triangulation  of  the  country 
which  should  be  of  similar  character  and  consistent  throughout,  and 
to  proceed  instead  on  more  restricted  lines.  In  order  to  carry  out  this 
decision,  a  network  of  triangles,  having  a  mean  length  of  side  of  4  kilo- 
metres, was  to  be  observed  in  the  provinces  of  Qaliubia  and  the  Fayum, 
which  might  later  be  extended  to  other  provinces.  Each  of  these  major 
triangles  was  to  be  divided  into  four  minor  triangles  the  angles  of  which 
would  furnish  points  to  control  the  traverse  lines  laid  down  by  the 
parties  who  delimited  the  village  boundaries  in  advance  of  the  detail 
survey. 

Thus  the  minor  triangulation  in  these  provinces  was  to  be  based 
upon  the  major,  and  according  to  first  arrangement  each  of  the  larger 
triangles  was  to  be  divided  into  four  small  triangles  by  joining  the 
centre  point  of  each  side  to  that  of  the  next  side  in  order  to  avoid 
the  necessity  of  observing  more  angles  than  it  was  absolutely  neces- 
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sary  to  measure.  But  this  method  was  found  to  be  impracticable 
and  was  replaced  by  another  scarcely  more  satisfactory ;  a  side  of 
a  large  triangle  was  divided  into  four  parts,  each  part  being  chained 
twice,  and  these  lengths  were  used  as  bases  for  the  minor  triangulation. 
Discrepancies  between  the  length  of  the  large  side,  as  obtained  by  such 
measurement,  and  its  calculated  length,  do  not  seem  to  have  been  con- 
sidered, if  they  were  not  large  enough  to  necessitate  re-measurement ; 
indeed  it  does  not  seem  that  there  was  any  central  office  for  dealing 
mathematically  with  such  questions.  Later  on  this  method  too  was 
discarded,  and  the  triangulator  carried  on  the  minor  triangulation  from 
any  point  which  had  been  determined  by  the  major  triangulation.  The 
triangulation  of  these  two  provinces  was  in  charge  of  a  special  in- 
spector, but  in  the  province  of  Gharbia  it  was  under  the  inspector  in 
charge  of  the  survey  of  the  district. 

This  province  of  Gharbia  was  divided  amongst  three  inspectors,  each 
of  whom  directed  the  triangulation,  the  delimitation  of  village 
boundaries  and  the  detail  survey  within  his  area.  These  areas  were 
bounded  by  natural  features,  e.g.,  railways,  river  arms,  or  main  canals, 
and  were  surveyed  independently  of  each  other.  First  of  all  each  area 
was  divided  into  units  of  from  5,000  to  6,000  feddans,  each  of  which 
formed  a  separate  piece  of  work,  and  was  covered  with  a  small  triangu- 
lation of  an  elementary  character,  which  was  to  control  the  plane-table 
and  chain  survey  which  followed.  The  scale  of  the  maps  was  1  :  2,000, 
and  the  permissible  error  in  length  was  laid  down  as  being  not  greater 
than  3  per  1,000.  From  the  regulations  which  were  issued  at  this  time 
for  the  guidance  of  the  surveyors,  it  is  possible  to  form  an  idea  of  the 
general  plan  on  which  it  was  now  proposed  to  make  a  cadastral  survey 
of  the  cultivable  lands  of  Egypt. 

Triangulation. 

For  the  so-called  major  triangulation,  of  which  the  triangles  were 
about  equal  in  size  to  those  of  a  third  order  triangulation  of  the 
present  time,  a  base  was  measured  in  Beheira  on  the  Rahmania  railway, 
another  at  Nawa  in  Qaliubia  on  the  Qaliubia-Zagazig  line,  and  a  third 
near  the  village  of  Sonbat  in  the  Fayum,  so  that  these  three  bases 
formed  the  foundation  of  the  survey  of  these  provinces.  Each  base-line 
was  laid  out  with  a  theodolite  along  the  railway  embankment,  and  at  a 
distance  of  about  two  metres  from  the  rails ;  wooden  pickets  0*10  metre 
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by  0-10  metre  in  section  were  placed  at  intervals  of  four  metres  apart 
and  carefully  aligned,  being  sunk  into  the  ground  until  their  heads 
were  about  0'60  metre  above  the  surface  of  the  ground.  They  were  made 
as  level  as  possible,  but  no  special  determination  seems  to  have  been 
made  in  order  to  correct  the  final  length  for  dislevelment  of  the  rods. 
The  measurement  was  made  by  placing  three  4-metre  oak  rods  succes- 
sively on  the  pickets  until  a  section  of  204  metres  had  been  completed 
by  placing  seventeen  sets  of  three  rods.    The  end  of  the  last  rod  was 
then  transferred  to  the  ground  and  compared  with  a  metal  dot  set  in  a 
block  of  stone,  which  had  been  built  into  a  masonry  pier  and  placed 
in  the  alignment  in  order  to  mark  the  end  of  the  section.    Ten  of  these 
sections  made  up  the  2,040  metres  of  the  base,  and  each  section  was 
measured  once  in  each  direction  in  the  forenoon  and  once  in  each 
direction  in  the  afternoon,  being  thus  measured  four  times  in  all ; 
the  procedure  was  repeated  the  following  day,  making  a  total  of 
eight  measurements.    Nearly  a  month  was  occupied  in  measuring 
the  whole  base,  and  the  work  done  was  sufficient  to  furnish  results  of  a 
fair  precision.    Very  good  results  are  obtainable  with  well-seasoned 
wooden  rods  if  carefully  used  and  regularly  verified,  but,  so  far  as  can 
now  be  ascertained,  the  verification  of  the  length  of  the  oak  rods  in 
this  work  left  much  to  be  desired.    These  rods  were  five  or  six  centi- 
metres square,  and  were  made  of  old  well-seasoned  oak,  being  furnished 
at  either  end  with  steel  heads.    In  order  to  present  as  small  a  point  of 
contact  as  possible,  part  of  these  steel  heads  was  cylindrical  in  shape, 
the  cylinder  at  one  end  of  the  rod  being  horizontal,  while  that  at  the 
other  end  was  placed  vertically ;  by  this  means  the  contact  between 
two  rods  was  formed  by  two  of  these  cylindrical  surfaces  meeting  so 
that  the  axes  of  the  cylinders  were  at  right  angles  to  one  another. 
It  was  found  inconvenient  to  verify  the  rods,  which  were  four  metres 
long,  with  the  standard  triple-metre  which  had  been  purchased  in 
Italy,  so  that  in  practice  the  length  of  the  rods  was  controlled  by  means 
of  a  steel  tape ;  no  complete  records  exist  of  the  measurement  of  any 
base,  so  it  is  not  possible  to  determine  the  accuracy  actually  attained, 
and  although  the  tape  is  said  to  have  been  of  standard  length  and  to 
have  been  corrected  for  temperature  no  detailed  information  on  these 
points  is  given.    Each  rod  was  measured  with  this  tape  before  and 
after  each  day's  work. 
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After  the  measurement  of  the  base,  the  triangulation  was  taken  in 
hand,  and  the  angles  were  measured  with  12-inch  theodoHtcs  made 
by  Troughton  and  Simms,  which  were  furnished  with  verniers  on  both 
the  horizontal  and  vertical  circles  by  means  of  which  angles  could  be 
read  to  5"  and  10"  respectively.  Two  readings  were  taken  with  the 
vertical  circle  facing  right,  and  two  more  after  the  telescope  had  been 
reversed,  but  no  change  of  the  zero  of  the  circle  was  made,  so  that 
these  four  readings  constituted  a  complete  observation. 

All  three  angles  of  a  triangle  were  supposed  to  be  measured,  but 
there  is  evidence  that  this  rule  was  often  disregarded. 

Triangulation  was  carried  on  in  this  way  in  the  provinces  of  Beheira, 
Qaliubia  and  the  Fayum,  but  as  each  of  these  was  separated  from 
the  others  by  a  considerable  distance,  no  junction  could  be  made  in 
order  to  check  one  network  by  another ;  nor,  so  far  as  can  be  ascer- 
tained now,  was  any  base  of  verification  measured  in  any  of  these 
provinces. 

The  second  class  of  triangulation,  which  was  executed  in  the  province 
of  Gharbia  by  a  less  expert  staff,  furnished  an  even  less  stable  founda- 
tion on  which  to  build  up  a  cadastral  survey  which  was  to  be  plotted 
to  the  scale  of  1  :  2,000.  Bases  were  measured  two  or  three  times 
with  a  chain  along  a  railway  line  or  a  canal  bank,  and  on  these  a  net- 
work of  small  triangles  were  built  up,  their  sides  being  from  800  to 
1,200  metres  in  length.  The  angles  were  measured  with  6-inch  or 
8-inch  theodolites,  and  from  these  observations  the  lengths  of  the 
sides  were  calculated  in  the  field  ;  the  co-ordinates  of  the  points  thus 
fixed  were  not  determined  nor  was  any  general  control  exercised  by 
means  of  independent  computation. 

Computation. 

Indeed,  there  is  little  doubt  that  nothing  of  the  kind  was  attempted 
since  there  was  no  independent  mathematical  discussion  of  the  obser- 
vations nor  any  systematic  distribution  of  errors.  All  the  computa- 
tions were  made  by  the  observer  in  the  field,  so  that  it  was  within  his 
power  to  modify  observations  which  seemed  to  be  unsatisfactory  and 
to  record  the  third  angle  of  a  triangle  without  observing  it.  The 
calculations  were  only  carried  so  far  as  to  give  the  lengths  of  the  sides, 
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and  the  co-ordinates  of  each  triangulation  point  with  reference  to  a 
point  of  origin  were  not  computed.  Throughout  the  work  plane 
trigonometry  alone  was  used  and  the  sphericity  of  the  earth  was 
neglected.  In  single  villages  this  was  not  of  importance,  but,  when 
the  attempt  was  made  to  combine  the  result's  to  form  maps  of  districts 
and  provinces,  appreciable  errors  were  introduced  by  this  omission. 

The  surveyors  took  the  points  determined  by  the  triangulation  and 
proceeded  to  fill  in  the  topographical  detail,  and  the  property  bound- 
aries with  chain  and  cross-staff,  the  measurements  being  plotted 
directly  on  the  map-sheet.  When  plots  were  very  small  they  were 
instructed  to  make  special  dimensioned  sketches  on  a  larger  scale  than 
1 :  2,000,  which  was  that  employed  for  the  maps. 

In  1881  the  organization  of  the  Cadastre  was  improved  but  without 
introducing  any  modifications  which  woiild  have  led  to  a  more  accurate 
form  of  triangulation.  In  Gharbia,  for  example,  marks  were  placed 
along  the  village  boundaries  and  the  area  thus  enclosed  was  divided 
up  into  map-sheets,  so  that  a  separate  group  of  map-sheets  on  the 
scale  of  1  :  2,000  was  prepared  for  each  village ;  the  triangulator 
worked  so  as  to  fix  about  two  points  for  each  field  sheet  which 
contained  about  240  feddans,  a  very  ineffectual  control  of  the 
chain-survey  as  compared  with  the  fourteen  to  eighteen  points  which 
are  now  provided  by  triangulation  and  theodolite  traverse  for  an 
area  of  about  120  hectares  or  285  feddans,  which  is  plotted  on  a  some- 
what smaller  scale,  viz.,  1  : 2,500 ;  the  triangulation  in  neigh- 
bouring villages  was  connected,  but  it  was  of  insufficient  precision  to 
be  an  effective  control.  The  maps  when  completed  were  returned 
to  the  Central  Office  in  order  that  the  areas  of  the  holdings  might 
be  calculated,  for  which  purpose  their  dimensions  were  taken  off 
the  map-sheets ;  after  which  they  were  returned  to  the  village  in 
order  that  the  land-registers  might  be  written,  the  classification  of 
lands  carried  out,  and  the  tax  fixed. 

During  this  year  the  examination  of  the  villages  which  had  been 
surveyed  in  1879-80  was  completed,  and  the  work  in  forty-six  villages 
was  rejected. 
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By  the  end  of  1881,  the  area  which  had  been  surveyed  or  was  under 
survey,  was  reported  to  be  as  follows  : — 


Xo.  of  villajj;e.s. 

No.  of  feddaiis. 

C'oinplptel}'  finished   

Awaiting  final  verification  

Under  survey  

Trian<fulated  and  delimited  

Triangulated  

Triangulation  marked  but  not  observed   

Being  marked  

140 
1") 
47 
52 
14 

103 
21 

212,(538 
27,<St!7 
3(5,421 
(53,033 
12,981 

Total  

3!)2 

352,!>40 

Of  this  total,  53,509  feddans  had  been  completed  in  the  course  of 
1880,  leaving  299,431  feddans  as  the  area  which  was  surveyed  in  1881, 
and  was  in  covu-se  of  being  surveyed  at  the  end  of  the  year. 

This  area  in  feddans  which  had  been  surveyed  was  distributed  as 
follows  : — * 


Province. 

Surveyed  up  to 

Eemaining 

Total. 

31/12/1881. 

to  be  surveyed. 

Gharbia  

Qaliubia  

Fayum   

234,412 
28,750 
37,052 

628,010 
124,OiS0 
18(5,323 

8(53,332 
152,830 
223,375 

But  some  426,000  feddans  belonged  to  the  State  Domains,  only 
half  of  which  was  to  be  surveyed  by  the  Cadastre,  since  the  Adminis- 
trators of  the  State  Domains  had  undertaken  the  survey  of  the  re- 
mainder. Menufia  province  (Tala  district)  was  also  commenced  in  this 
year,  since  it  was  situated  near  Tanta  and,  therefore,  the  work  could 
be  supervised  by  the  inspectors  there. 

At  this  time  the  estimated  area  of  the  cultivable  lands  in  Egypt 
was  5,738,000  feddans,  of  which  515,000  feddans  had  already  been. 


*  This  total  area  surveyed,  viz.,  300,214  feddans  does  not  agree  with  the  area  in  the  previous 
table,  and  is  apparently  derived  from  about  2f>8  villages  of  which  113  were  only  partially  completed ; 
for  these  only  one-third  of  their  iirea  is  included.  See  "Rapport  sur  les  operations  du  Cadastre 
pendant  I'exercice  1881."    Cairo,  1882. 


—  8.S  — 


or  were  about  to  be  surveyed  by  the  Commission  of  the  State  Domains, 
thus  leaving  5,223,000  feddans  to  be  surveyed  by  the  staff  of  the 
Cadastre,  and  this,  it  was  estimated,  could  be  completed  by  1894  at 
the  rate  of  500,000  feddans  annually. 

It  was  now  proposed  to  prepare  maps  of  each  district  on  the  scale 
of  1  :  40,000  as  soon  as  the  cadastral  maps  were  completed  by  reducing 
them  to  one-twentieth  of  their  original  scale  ;  the  districts  of  Kafr  el 
Sheikh  and  Samanud  in  Gharbia  were  to  be  the  first  to  be  so  treated 
and  their  maps  were  to  be  printed  and  published  as  soon  as  the 
cadastral  map-sheets  were  ready. 

With  the  introduction  of  a  better  organization  it  became  possible  to 
arrive  at  a  more  exact  estimate  of  the  cost  of  the  work  and  the  Com- 
mittee give  in  their  report  for  1881  : — 

Expended  up  to  Ist  January,  1881   L.K.  79,279 

during:  1881   „  57,452 

Total  L.E.  i;56,7;U 

For  this  sum  maps  of  302,000  feddans*  had  been  prepared  at  an 
average  cost  of  L.E.  44  per  100  feddans,  but  additions  have  to  be 
made  to  this  amount  for  areas  not  yet  computed,  and  lands  not  yet 
classified ;  on  the  other  hand  the  expenses  of  purchasing  instruments 
and  training  staff,  which  must  necessarily  be  heavy  at  the  commence- 
ment of  such  work,  raise  the  average  cost  unduly.  Moreover,  if  the 
cost  of  the  work  which  was  done  in  1879  and  1880  and  accepted  as 
sufficiently  correct  is  taken  into  account,  the  average  rises  to  L.E.  148 
per  100  feddans.  On  the  other  hand,  taking  the  actual  cost  of  the  field 
survey  in  1881  only,  and  omitting  that  of  the  classification  of  lands,  the 
cost  works  out  at  L.E.  21  •  7  per  100  feddans  in  the  first  quarter  of  the 
year,  L.E.  13*47  in  the  last  quarter,  and  in  Gharbia  it  fell  to  L.E.  8-4 
in  some  parts,  which  is  noted  as  being  less  than  that  of  L.E.  6,  the  cost 
per  100  feddans  of  the  topographical  survey  which  the  Commission  of 
the  State  Domains  was  carrying  out,  since  the  amount  of  detail  plotted 
by  the  Cadastre  was  much  greater.  Incidentally,  it  is  also  recorded 
that  the  average  size  of  a  plot  in  the  parts  which  had  been  surveyed 
was  2-5  feddans.  It  was  estimated  that  after  another  year's  work  the 
cost  of  the  field  survey  alone  would  not  be  more  than  L.E,  9  per  100 
feddans. 


•  See  footnote  on  preeedinfr  page. 
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The  staff  employed  at  the  beginning  of  the  year  1881  consisted  of 
about  a  hundred  and  forty  surveyors  besides  inspectors,  but  this  number 
was  increased  by  about  forty  by  the  end  of  the  year,  thus  raising  the 
number  of  the  field-survey  parties  to  sixty-two.  The  distribution  of 
the  parties  was  as  follows  : — 


Parties  for 

Jiinuiiry.  1S81. 

January.  1S82. 

TriangTilatioii  

Delimitation   

Field  .survey  

i:-5 

7 
42 

7 
8 

02 

Of  the  surveyors  or  heads  of  parties,  more  than  one-third  were  at  this 
time  Europeans. 

In  order  to  increase  the  out-turn  of  work,  payments  were  made  in 
proportion  to  the  amount  of  work  done,  by  which  the  salaries  of  most 
of  the  employees  were  almost  doubled.  Though  the  amount  of  work 
done  increased  considerably,  there  was  naturally  a  great  falling  off 
in  the  quality  of  it,  and  two  years  later  the  system  was  suppressed. 

In  1882  the  work  was  carried  on  after  the  same  system,  but  it  was 
much  interrupted  by  the  rebelHon  and  by  the  events  connected  with 
it ;  still,  nine  months'  work  was  done  and  170,000  feddans  were  sur- 
veyed, the  areas  of  holdings  comprising  178,000  feddans  were  calcu- 
lated, and  13,000  feddans  of  land  were  classified  in  the  provinces  of 
Gharbia,  Qaliubia  and  the  Fayum  to  which  the  survey  was  still  limited. 

Transfers  and  retirements  had  changed  from  time  to  time  the 
constitution  of  the  Committee  of  Direction,  until  finally  it  was  sup- 
pressed in  March,  1883,  and  the  charge  of  the  Cadastre  was  entrusted 
to  Mr.  Gibson.  In  this  year,  too,  the  budgetary  provision  was  reduced 
from  L.E.  60,000  to  L.E.  35,000,  and  a  considerable  reduction  in  staff 
was  thereby  necessitated  ;  the  staff  which  was  employed  in  1882  and 
1883  was  as  follows  : — 


Year. 

Inspectors. 

Sub-In- 
spectors. 

Surveyors. 

Assistant 
Surveyors. 

Draufrlits- 
men  and 
clerlis. 

Cliainmen. 

Total. 

1882   

1883   

3 

3 
1 

74 
48 

93 
75 

94 
42 

449 
25G 

718 
425 

Reduction... 

2 

2 

26 

18 

52 

193 

293 
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In  all,  sixty-eight  Europeans  and  thirty-two  Egyptians  were  dis- 
missed, besides  a  hundred  and  ninety-three  chainmen. 

Before  the  suppression  of  the  Committee  of  Direction  several  modifi- 
cations of  procedure  had  been  proposed  and  discussed,  and  these  were 
brought  into  regular  use  in  the  first  half  of  1883.  Instead  of  calculating 
areas  in  a  central  ofl&ce  from  the  maps,  the  dimensions  of  the  plots  we^e 
in  future  to  be  booked  in  the  field  and  the  areas  computed  from  them 
there,  by  which  means  the  areas  could  be  compared  with  those  of  the 
village  tax-register  and  with  the  title-deeds  of  the  owners. 

The  earlier  procedure  of  determining  the  area  in  the  Central  Office, 
some  time  after  the  field  work  had  been  finished,  by  means  of  measuring 
the  holdings  with  a  scale  and  controlling  the  results  with  the  planimeter, 
was  slow  and  unsatisfactory.  Expansion  and  contraction  of  the  paper 
caused  errors  ;  much  was  left  to  the  care  of  the  surveyor,  and  errors 
made  by  him  could  not  be  controlled  *  ;  the  areas  of  holdings  were  not 
available  at  once  for  comparison  with  the  taxation-list  of  the  village, 
so  that  a  valuable  check  was  not  utilized ;  and  finally,  if  a  sheet  was 
lost  or  damaged  the  work  had  to  be  done  again  since  no  other  record 
existed. 

By  recording  the  measurements  made  with  the  chain,  areas  could  be 
computed  on  the  spot,  and  the  results  compared,  if  need  be,  with  the 
taxation-list  or  with  the  owner's  title-deeds ;  the  method  of  direct 
measurement  was  understood  by  the  landowners  who  were,  therefore, 
more  inclined  to  place  confidence  in  the  results  than  in  those  of  the 
plane-table  triangulation  which  they  could  neither  understand  nor 
check. 

The  plane-table  was  in  future  only  to  be  used  for  fixing  the  principal 
points  on  the  boundaries  of  the  "  hods  "  in  large  properties  and  villages, 
while  individual  holdings  were  to  be  measured  with  the  qassaba  rod, 
or  with  the  chain  and  cross-stafE  only.  The  new  method  of  recording 
all  measurements  demanded  more  time,  but  work  was  reduced  in  other 
ways,  for  since  the  area  of  holdings  was  no  longer  to  be  computed 
graphically  from  the  maps  but  from  calculations  based  on  measure- 
ments directly  made  on  the  ground,  the  accuracy  of  the  area  no  longer 


•  In  the  recent  survey  graphically  nioasured  areas  had  to  he  employed  but  they  were 
controlled  by  independent  computation  of  area  based  on  the  triangulation  and  the  theodolite 
traverses  (see  chapter  XV). 
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depended  solely  on  the  accuracy  of  the  maps ;  the  maps  were  to  be  but 
plans  on  which  the  relative  position  of  the  holdings  could  be  seen  and 
were  not  to  be  considered  as  sufficiently  exact  to  determine  the  area 
of  each  plot.  It  was,  therefore,  decided  to  reduce  the  scale  of  the  maps 
from  1  :  2,000  to  1  :  4,000,  field-books  being  kept  in  which  all  measure- 
ments were  recorded.  This  reduction  of  scale  enabled  a  considerable 
economy  to  be  effected  since  the  area  of  maps  to  be  drawn  was  greatly 
reduced,  a  map  on  the  scale  of  1  :  2,000  being  replaced  by  one  of  one- 
quarter  the  size  on  the  smaller  scale  of  1:  4,000. 

At  the  same  time,  the  system  of  paying  gratuities  in  order  to  obtain 
an  increased  amount  of  work  was  definitely  abandoned. 

These  changes  were  decided  upon  at  the  beginning  of  the  year,  and 
all  villages  commenced  after  this  date  were  surveyed  under  the  revised 
system  ;  those  already  in  hand  were  completed  under  that  which  had 
hitherto  been  in  force. 

During  this  year  work  was  continued  in  Gharbia,  Qaliubia,  and  the 
Fayum,  and  was  commenced  in  Menufia,  a  considerable  area  being 
completed  as  shown  in  the  following  table  : — • 


Feddans. 

Triangulation   

...  351,030 

Detail  survey  completed   

...  179,890 

Detail  survey  in  hand   

...  61,550 

Area  calculated   

...  95,392 

Area  under  calculation  

...  59,382 

Area  calculated  in  Central  Office  

...  122,461 

The  area  shown  as  being  calculated  in  the  Central  Office  represents 
that  which  was  in  hand  under  the  old  system  at  the  beginning  of  the 
year. 

In  consequence  of  the  reduction  of  expenditure  in  all  branches  of 
the  Government  service  the  provision  for  the  Cadastre,  which  had 
been  L.E.  60,000  in  1881  and  1882,  was  reduced  in  1883  toL.E.  35,000, 
and  of  this  a  sum  of  L.E.  1,668  was  expended  in  determining  the  damage 
done  to  property  by  the  fire  at  Alexandria  in  the  previous  year  ;  the 
effective  sum  available  this  year  for  surveying  was  only  L.E.  32,880. 
The  appearance  of  cholera  in  this  year  hindered  the  work  considerably, 
and  non-attendance  of  the  landowners  as  well  as  the  village  authorities 
caused  much  loss  of  time.  This  unavoidable  reduction  of  funds  greatly 
crippled  the  work  of  the  survey,  and  as  no  thoroughly  satisfactory 
system  of  triangulation  had  been  established  in  the  previous  years 
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when  more  money  was  available,  it  was  impossible  to  introduce  it 
with  reduced  funds,  and  when  reorganization  throughout  the  country 
was  making  increasing  demands  for  detailed  measurement  of  land. 
From  this  time  onwards  more  and  more  surveying  in  provinces  other 
than  those  in  which  the  regular  work  of  the  Cadastre  was  in  hand  was 
required  each  year. 

In  the  regulations  for  the  Cadastre  which  were  published  in  1880, 
certain  rules  were  laid  down  for  the  compilation  of  the  land-registers. 
They  were  to  be  based  on  the  actual  possession,  and  no  reference  was 
to  be  included  of  claims  to  property  which  was  not  effectively  occupied. 
The  land  was  to  be  recorded  by  the  number  of  "  hods  "  and  plots  as 
shown  on  the  maps.  Provision  is  made  for  "  hods  "  which,  though 
included  among  those  which  belonged  to  the  village,  nevertheless 
were  not  shown  on  the  map ;  perhaps  because  they  had  been  removed 
by  the  erosion  of  the  river,  by  being  incorporated  into  another  village, 
or  for  other  reasons.  Such  were  to  be  entered  without  a  number  in 
the  register,  with  the  remark  that  they  could  not  be  located  on  the 
ground.  The  owner's  name  and  that  of  his  father  were  recorded  as 
well  as  the  owner's  domicile.  When  several  individuals  owned  the 
same  property  it  was  recorded  in  the  name  of  him  to  whom  the  tax- 
receipt  was  made  out,  a  statement  being  added  that  he  owned  it  in 
share  with  other  co-heirs.  Land  which  was  uncultivated  or  abandoned 
and  to  which  no  claim  was  established  was  to  be  recorded  as  Govern- 
ment property.  A  note  was  made  of  any  land  which  had  not  been 
cultivated  for  three  years.  Such  registers  were  summarized  to  show 
the  area  of  cultivable  lands  and  uncultivable  lands  in  each  village  in 
the  form  which  is  given  here  : 


Total  area  of  the  Lands  ix  the  Village  of  


Cultivable  Lands  : 

XON-CULTIVABLE  LANDS : 

Total 
ari'a. 

Remarks. 

Culti- 
vated. 

Not  culti- 
vated for 
3  years 
or  more. 

Total 
area. 

V^illage 
site. 

ILiilwavs 
and 
Irank. 

Cantils. 

Thresh- 
ing 
tloor. 

Various. 
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The  register  at  this  time  was,  therefore,  a  simple  index  to  the 
maps,  recording  only  the  name  of  the  proprietor,  the  area  of  the 
plot,  and  in  general  terms  the  purpose  for  which  it  was  used.  The 
rate  of  tax  was  not  given,  since  there  was  said  to  be  much  diflS- 
culty  in  ascertaining  the  tax  which  was  levied  on  each  plot  since 
the  registers  of  the  revenue  showed  rather  the  total  due  from  each 
taxpayer,  and  not  the  details  of  which  it  was  composed.  In  order 
to  obtain  from  these  cadastral  registers  the  total  area  owned  by 
any  one  proprietor,  it  was  necessary  to  abstract  the  plots  belonging 
to  him  from  the  record  of  each  "  hod "  in  which  they  occurred 
and  to  add  them  together. 

In  1883  a  great  improvement  was  introduced  by  compiling  a  hst 
Of  index  of  properties  as  well  as  the  index  of  holdings.  In  this, 
all  the  pieces  of  land  belonging  to  a  single  proprietor  were  grouped 
under  his  name,  together  with  all  details  of  area,  quality  ("  ushuri  " 
or  "kharagi"),  the  "hod"  in  which  each  plot  is  situated,  and  the 
total  amount  of  the  tax  paid  by  him,  but  the  rate  of  tax  levied  on  each 
plot  could  not  be  included,  since  the  taxation  lists  only  gave  the 
rate  of  tax  due  from  a  certain  category  of  land,  and  the  revision 
of  these  lists  involved  a  general  re-assessment  of  the  land-tax  which 
was  not  carried  out  until  sixteen  years  later.  In  this  manner  the 
land  owned  by  each  individual  could  be  readily  seen.  The  results 
were  summarized  at  the  end  of  the  register,  and  the  total  area  of 
land  of  diflEerent  classes,  e.g.,  kharagi,  ushuri,  State  property,  and  the 
special  lands  known  as  the  State  Domains  and  the  Daira  Sania  lands 
were  shown  for  each  village. 

The  cadastral  maps  of  the  greater  part  of  the  three  provinces  of 
Grharbia,  Qaliubia  and  Fayum  were  now  completed,  so  that  it  was 
possible  to  combine  them  in  order  to  form  a  map  suitable  for  adminis- 
trative pirrposes,  and  which  would  contain  more  detail  than  those  which 
had  been  published  under  the  direction  of  Malimud  Pasha  el  Falaki  in 
1872.*  Maps  of  the  district  of  Sammanud  in  the  province  of  Gharbia, 
and  Mehallet  Menuf  were  lithographed  in  1883  and  distributed  to  the 
different  administrations  (see  Plan  XIX). 

The  extreme  subdivision  of  the  land  in  Egypt  renders  the  number  of 
plots  which  have  to  be  shown  on  a  cadastral  map  very  large,  and 


'  See  page  74. 
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consequently  much  topographical  detail  has  to  be  shown  convention- 
ally or  even  suppressed  in  order  that  the  property  boundaries  may  be 
visible.  Palm  groves  if  fully  shown,  and  the  slopes  of  the  canal  and 
river-banks  if  shaded,  would  make  it  difficult  to  sec  the  small  holdings 
which  occupy  the  same  ground.  Consequently  a  small-scale  topo- 
graphical map  produced  by  reducing  the  cadastral  map  alone,  and  by 
omitting  property  boundaries  which  do  not  correspond  to  topographical 
features,  is  very  deficient  in  topographical  detail,  and  this  was  the  case 
with  the  district  maps  of  1883.  The  difference  between  such  a  map 
and  one  of  the  same  part  of  the  country  which  has  been  revised  topo- 
graphically on  the  basis  of  the  cadastral  maps  may  be  seen  by  com- 
paring Plans  V  and  XIX. 

In  1884  the  sum  which  could  be  allotted  to  the  Cadastre  was  only 
L.E.  28,533,  but  the  staff  was  not  reduced,  a  few  even  being  added: — 


Vear. 

Inspector- 
General. 

Inspectors. 

Sub- 
Inspector 

Snrvevoi>. 

Assistiiii 
Surveyors,  j 

Employees. 

a 

a 
'5 

J3 

o 

Total. 

1888  

1884   

Difforonce  

1 

•i 
2 

I 

;i 

48 

7') 
OS 

42 

;i'.t 

2;)(; 

27(; 

42") 
442 

+  1 

-  1 

+  2 

+  r, 

—  7 

-  ;! 

-1-  20 

-f-  1.7 

Work  was  carried  on  in  the  provinces  of  Fayum,  Qaliubia,  Menufia 
and  Gharbia,  and  a- large  area  was  surveyed,  the  details  of  which  are 
shown  in  the  following  table,  where  the  areas  are  given  in  feddans  : — 


Province. 

Triaiigiiliited. 

Surveyed.* 

Calculated. f 

Faj  uni   

l'J,500 

i5,7i;;i 

27,3U1 

Qaliubia  

;>5,108 

41,144 

26,440 

Menufia  

(;'.l,4()0 

.•!;!,;i()4 

5,038 

Gharbia  

'Jl,127 

•.t7,.'j87 

4!t,80f) 

Total  

235,135 

187,858 

108,585 

*  Areas  of  holdings  heiug  also  calculated, 
t  Having  been  surveyed  iu  the  previous  year. 
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In  this  year  the  practice  was  commenced  of  allotting  special  work 
to  the  Cadastre  which,  although  not  strictly  cadastral  surveying,  was 
certainly  such  as  required  trained  surveyors  to  carry  it  out  satisfactorily. 
Such  special  work  included  the  measurement  of  islands  and  Nile  banks 
after  the  annual  flood,  in  order  to  determine  where  old  land  had  been 
eroded,  and  where  new  land  had  been  deposited  by  the  river  ;  surveying 
land  which  had  not  been  irrigated  and  therefore  could  not  be  cultivated, 
so  that  it  had  to  be  relieved  of  tax  for  the  year  ;  measuring  the  areas 
cultivated  with  tobacco  and  tombac  ;  moreover,  a  section  of  the 
Department  of  Indirect  Taxes  dealing  with  the  renting  and  sale  of 
Government  land  was  transferred  to  the  Cadastre. 

In  the  report  on  the  survey  work  for  this  year  the  Director  complains 
of  the  grudging  assistance  rendered  by  the  sheikhs  of  villages.  He 
further  reports  that  considerable  difference  was  found  between  the 
areas  of  properties  owned  and  the  areas  on  which  taxes  were  paid 
according  to  the  land-registers.  There  was  also  much  land  owned 
which  had  not  been  previously  inscribed,  so  that  in  the  district  of 
Sammanud  an  excess  of  868  feddans  of  untaxed  land  was  found.  The 
practice  of  recording  a  landowner's  property  in  a  single  village  register 
although  part  of  the  land  was  situated  at  a  distance  and  intermixed 
with  the  lands  of  other  villages,  was  extremely  common,  but  definite 
transfers  of  the  land  so  included  in  the  lands  of  another  village  do 
not  seem  to  have  been  made  in  order  to  put  an  end  to  this  confusing 
state  of  things  which  was  not  altered  until  the  present  survey. 

The  maps  of  the  districts  of  Kafr  el  Zayat  and  Talkha  in  Gharbia 
province  were  compiled  on  the  scale  of  1  :  40,000  from  the  cadastral 
map-sheets  and  were  lithographed  and  published  in  this  year. 

In  1885  the  work  of  the  staff  of  the  Cadastre  was  divided  between 
the  regular  cadastral  survey  and  the  special  work.  The  technical 
staff  numbered  a  hundred  and  ninety-five  besides  the  necessary  chain- 
men,  etc.,  and  was  divided  into  two  classes  in  the  Central  Administra- 
tion, but  the  field  parties  were  not  definitely  divided.  There  were 
now  not  only  State  lands  to  be  surveyed,  but  also  the  annual  measure- 
ments of  islands  and  the  lower  parts  of  the  river  banks  had  to  be  made  ; 
the  exceptionally  low  Nile  flood  of  1884  had  left  much  of  the  higher 
land  unwatered,  so  that  all  such  lands  had  to  be  measured  in  order 
that  the  land-tax  might  be  remitted.  Thus  the  special  work  was 
becoming  larger  each  year  and  occupied  the  time  of  a  considerable 
proportion  of  the  cadastral  staff. 
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The  sum  allotted  to  the  Cadastre  this  year  was  L.E.  29,000,  and 
the  amount  of  work  in  feddans  was  : — 


Province. 

Triangulated. 

Surveyed 
and  calculated. 

Calculated,  -f 

T  1 

r  ayuin   

Qaliubia   

Gbarbia   

Bebeira   

Mcnufia   

4U,U72 

ii7,r)8i> 
(;4,0(X) 

41,753 
71,053 
1,008 

59,110 

t;,(">80 

Total  ... 

113,814 

(55,790 

Besides  this,  417,417  feddans  of  lands  of  different  kinds  such  as 
sharaqi,  tawalif,  island-land,  etc.,  in  various  parts  of  Egypt  were  dealt 
with,  but  this  did  not  entail  surveys  in  course  of  which  maps  had  to  be 
produced,  though  the  area  of  each  portion  of  such  land  owned  by  each 
taxpayer  had  to  be  determined  and  recorded. 

Maps  of  the  districts  of  Tala  and  Qaliub  were  lithographed  on  the 
scale  of  1  :  40,000,  and  published  in  this  year. 

In  March,  1886,  Mason  Bey  was  appointed  Director- General  of  the 
Cadastre  in  place  of  Mr.  Gibson,  who  had  been  nominated  British 
Commissioner  of  the  State  Domains  in  April,  1885.  The  staff  was 
increased  by  ninety-five  employees  for  carrying  out  the  measurement 
of  lands  in  the  different  categories  of  special  work,  mainly  in  Upper 
Egypt,  so  that  the  total  number  employed  amounted  to  over  seven 
hundred,  four  hundred  and  fifty  of  these  being  technical  employees : — 


Vear. 

Inspectors. 

,  3 
^  1 

%  ^ 
—  o 

a  = 

u 

t> 

X 

X 

■a  t 

-"H  r 

O 

'I'cital. 

1885   

1 

2 

3 

58 

141 

157 

256 

618 

1886   

•  1 

2 

4 

51 

140 

258 

258 

713 

*  Director-lieneral. 

t  Having  heen  surveyed  previously. 
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The  budgetary  provision  was  L.E.  28,700  for  the  Cadastre,  L.E.  3,700 
for  work  connected  with  the  State  lands,  and  L.E.  1,568  for  special 
measurements  in  Upper  Egypt,  but  in  consequence  of  the  very  large 
amount  of  special  measurement  which  was  required  during  the  year 
and  which  finally  amounted  to  900,000  feddans,  the  out-turn  of  the 
Cadastre  in  1886  showed  no  increase  over  that  of  the  previous  year: — 


Province. 

Triangulated. 

Surveyed  and  calculated. 

Ifiiyuiii   

2G,700 

21,015 

Qaliubia   

90G 

18,889 

Gizii   

4,300 

Gharbiii   

(51,7% 

Meiuifia   

3,400 

57,752 

Total  

07,102 

08,556 

On  February  12,  1887,  the  Administration  of  the  Cadastre  was  trans- 
ferred from  the  Ministry  of  Finance  to  the  Ministry  of  Public  Works, 
with  a  budgetary  provision  for  the  year  of  L.E.  27,520,  but  the  section 
of  the  service  which  had  since  1884  been  occupied  with  the  location  and 
measurement  of  State  lands  remained  in  the  Ministry  of  Finance. 

The  amount  of  cadastral  work  in  feddans  which  was  carried  out  in 
1887  in  each  province  under  survey  was  : — 


I'l-civiuce. 

Triangulatiou. 

Surveyed  and  oalculat(!d. 

Calculated. 

Fayuiu   

11,000 

8,171 

M,m 

Qaliuliia   

7,120 

4,942 

42,037 

Bclu'ira   

32,040 

4,303 

2,103 

(iharl)ia   

26,500 

26,856 

58,980 

Total  ... 

7t'>,666 

44,272 

137,468 

In  1888  the  sum  of  L.E.  28,000  was  provided  for  the  work  of  the 
Cadastre,  but  in  the  autumn  it  was  decided  to  suppress  this  service 
altogether  from  Januar}^  1,  1889,  and  this  was  done  by  a  decision  of 


the  Council  of  Ministers  dated  November  25,  1888.  The  work  done 
during  the  year  was  similar  in  character  to  that  in  1887  but  no  larger 
amount  was  completed. 

It  will  be  sufficient  to  summarize  in  a  statistical  form  the  information 
concerning  this  service  as  it  is  given  in  the  annual  reports.  As  in  all 
work  of  this  nature,  it  is  difficult  to  state  precisely  the  actual  amount 
of  work  done  in  any  period  since  both  at  the  beginning  and  at  the  end 
of  any  period  there  is  always  much  work  in  hand  which  is  in  every 
stage  from  that  which  has  been  just  begun  to  that  which  is  almost 
finished;  only  when  the  amount  of  such  work  is  very  considerable 
can  the  amount  in  hand  at  the  beginning  and  end  of  a  year,  for 
example,  be  taken  as  approximately  balancing  one  another,  since  it 
is  impossible  to  estimate  accurately  what  proportion  of  the  whole 
work  each  operation  represents. 

The  reports  of  the  different  years  differ  greatly  in  their  form,  and 
the  statistics  were  not  given  in  the  same  form  in  each  annual  report 
so  that  it  is  difficult  to  compare  the  work  from  year  to  year.  In  1886 
and  1887  fairly  complete  tables  of  the  total  amount  of  the  work  done 
since  the  Cadastre  was  instituted  up  to  the  end  of  each  of  these  years 
were  given.  From  the  latter  of  these  the  state  of  the  survey  at  the 
time  when  the  Cadastre  was  suppressed  has  been  compiled,  and,  though 
it  is  probably  not  quite  accurate,  the  errors  must  be  small. 

The  total  area  surveyed  in  ten  years  was  1,142,286  feddans,  which 
included  six  hundred  and  twenty-seven  villages ;  sixty-two  other 
villages  cannot  be  included  since  their  areas  had  not  been  computed, 
and  in  thirty-two  of  them  the  survey  had  not  been  completed.  The 
area  of  completed  survey  can  therefore  hardly  have  exceeded  1,200,000 
feddans. 

As  has  been  already  mentioned  a  portion  of  the  staff  of  the  Cadastre 
was  for  the  last  four  years,  1885-1888,  employed  on  special  measure- 
ments and  other  surveys,  so  that  these  employees  were  not  available 
for  cadastral  work  ;  the  whole  of  tlie  budgetary  provision  in  these 
years  was  therefore  not  expended  on  the  Cadastre  proper,  so  that  it  is 
difficult  to  arrive  at  an  accurate  estimate  of  the  average  cost  of  the 
work  per  100  feddans  (42  hectares),  or  other  unit. 
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However,  we  find  from  the  annual  reports  that  the  sums  allotted 
each  year  to  the  Cadastre  and  expended  on  the  work  were  as  follows  : — 


Years. 

Allotted. 

Expeiuled. 

im-HO  

79,000 

L.K. 

79,379 

1881   

60,000 

56,936 

1882   

(50,000 

57,452 

1883   

35,000 

32,880 

1884   

28,533 

25,923 

1885   

29,000 

29,(XK) 

1886   

28,700 

28,700 

1887   

27,520 

27,520 

1888   

28,000 

28,000 

Total  

L.E.  .'575,753 

L.E.  365,790 

Where  the  annual  reports  do  not  state  the  exact  sum  expended,  it 
has  been  assumed  that  the  whole  amount  provided  was  utilized. 

The  state  of  the  work  at  the  time  when  the  Cadastre  was  suppressed 
is  given  in  the  following  table  :  thirty-five  of  the  villages  therein 
accounted  for  are  incomplete,  so  that  during  the  ten  years  that  the 
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service  had  existed,  six  hundred  and  fifty-four  villages  had  been 
surveyed;  the  distribution  of  the  villages  was  as  follows: — 


Provinces. 

Districts. 

Total. 

Kemarks. 

Fayum  

Sennures   

Medina  

32 
44 

Qaliubia  | 

Qaliub  

Shubra  

Tnkh 

5(i 

1 

J. 

Now 

Diiwiihi  Masr  and  Nawa. 

Gbarbia  - 

Gafaria  

Talkha  

111  111 Q 11  IT  ri 

Kafr  el  Sheikh... 
Katr  t'l  Zavat  ... 

Zifta  ...   

Sherbin   

-Desuq  

Mahallet-Menuf . 

70 

oo 
;')() 
41t 
.18 
28 
5 
47 

Now 
Now 

Santa  and  part  of  Quesnu. 
Tauta. 

Menufia  

lala   

Meli^^  

Ashmun   

;)4 
16 
1 

Now 

tiliibiii  el  Koni. 

Shanjia  

.Mina  el  Qanih  ... 

1 

Beheira...  ... 

i 

Danianhnr  

Abu  Honinios  ... 

1 

2 

Total   

689 

The  uncompleted  villages  were  mostly  in  Gharbia  province,  and 
their  distribution  was  : — 


Province. 

Villages 
surveyed. 

Villages  unsurveyed 
or  incomplete. 

Total. 

Fayuni  . . 
Qaliubia  .. 
Gharbia  .. 
Menufia  .. 
Sharqia  .. 
Beheira  .. 

68 

lo;} 

401) 
71 
1 
•2 

8 

7 

i;) 

1 

76 
110 
428 
71 
1 
•A 

Total  

654 

35 

68'J 

So  that  after  ten  years'  work,  not  a  single  province  had  been  com- 
pleted, and  the  one  which  was  most  advanced  had  only  about  nine- 
tenths  of  its  area  mapped.    (See  Plan  XVII). 


i 
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The  report  for  the  year  1888  was  not  published  so  the  last  statement 
of  the  work  done  from  the  commencement  of  the  cadastre  in  1878  is 
that  in  the  report  for  the  year  1887  which  gives  the  total  area  surveyed 
up  to  the  end  of  that  year : — 
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We  thus  arrive  at  an  expenditure  of  L.E.  365,790  for  surveying 
1,200,000  feddans,  and  triangulating  in  an  elementary  manner  a  some- 
what larger  area  ;  which  corresponds  to  an  average  cost  of  L.E.  30-5 
per  100  feddans.  However,  a  considerable  sum  during  the  last  four 
years  was  expended  on  other  measuring  work,  and,  if  we  assume  this 
as  equalling  in  cost  one-half  of  the  work  in  each  year,  about  L.E.  56,000 
should  be  deducted  from  the  total  cost  of  the  cadastral  work,  which 
might  reduce  the  average  cost  of  triangulating,  surveying  and  recording 
100  feddans  to  rather  more  than  L.E.  25,  but  all  sums  which  are  defi- 
nitely stated  in  the  reports  to  have  been  expended  on  work  other  than 
the  Cadastral  survey  have  been  omitted  in  obtaining  the  former 
figure. 

Since  no  province  was  completely  surveyed  the  work  does  not  seem 
.to  have  been  utilized  to  correct  the  areas  of  properties  and  thereby  the 
amounts  of  land-tax  to  be  collected.  Maps  and  registers  were  stored 
away  and  no  further  use  was  made  of  them.  The  majority  remained 
in  the  Ministry  of  Public  Works,  and  these  are  now  in  the  Map  Store 
of  the  Survey  Department;  the  rest  were  sent  to  the  Ministry  of 
Finance  in  1888.  Though  now  of  no  authority  in  questions  of  land- 
ownership  these  maps  are  not  infrequently  referred  to  in  order  to 
ascertain  facts  relating  to  the  topography  of  the  country  twenty  or 
thirty  years  ago.  They  furnish  valid  evidence  of  the  existence  or  non- 
existence of  buildings,  canals,  banks,  etc.,  and  are  of  use  in  this 
respect ;  since  this  information  is  topographical  it  is  important  to 
place  on  record  the  manner  in  which  the  measurements  were  made, 
that  an  estimate  may  be  formed  of  their  accuracy.  To  have  initiated 
a  good  second  order  triangulation  in  1878  would  have  postponed  the 
preparation  of  village  maps  for  a  year  or  eighteen  months,  but  this 
delay  would  have  been  rapidly  made  up  afterwards,  and  the  cost  of 
such  triangulation  and  a  mathematical  control  would  have  soon  been 
recovered  by  improved  accuracy  of  work. 
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CHAPTER  VIII. 
The  Hydeographical  Survey  of  1889-1898. 

When  the  Cadastre  had  been  suppressed  there  only  remained  the 
section  of  surveyors  which  had  been  transferred  to  the  Ministry  of 
Finance  two  years  before  in  order  to  deal  with  matters  relating  to  the 
sale  and  letting  of  State  lands.  But  at  this  time  the  reorganization 
of  the  irrigation  was  advancing  rapidly  and  considerable  works  were 
about  to  be  undertaken  in  Upper  Egypt  in  order  to  safeguard  that  part 
of  the  country  against  the  want  which  was  caused  by  exceptionally 
low  floods,  of  which  that  of  1888  had  just  furnished  an  example.  In 
the  Delta,  the  Barrage  near  Cairo  was  being  repaired  and  made  fit  for 
use,  supply  canals  and  drainage  channels  were  being  dug,  and  works 
for  regulating  the  volume  of  water  to  be  furnished  to  each  part  of  the 
canal  system  were  in  course  of  construction.  Reliable  maps  were 
urgently  required  in  this  work  and  very  few  were  available.  In  Upper 
Egypt  there  were  only  those  prepaired  under  the  direction  of  Mahmud 
Bey  (see  p.  74)  which  had  never  been  printed,  and  in  the  Delta 
there  was  his  map  on  the  scale  of  1 :  200,000  and  those  of  Gharbia, 
Menufia  and  Qaliubia  provinces  and  a  part  of  Beheira  province  as 
well  as  such  maps  of  districts  as  the  late  Cadastre  had  published  on 
the  scale  of  1:  40,000.  Only  four  of  these  maps  had  been  published,  and 
on  them  very  little  topographical  detail  appeared  ;  the  cadastral  maps 
of  the  greater  portion  of  three  provinces  existed,  but  they  were  on  too 
large  a  scale  for  engineering  purposes  and  moreover  they  had  never 
been  printed.  A  considerable  amoxint  of  surveying  and  levelling  had 
already  been  done  in  connection  with  the  execution  of  irrigation  works 
during  the  past  seven  years,  and  great  efforts  had  been  made  to  supply 
maps  showing  the  existing  topography  of  the  country  by  utilizing 
whatever  existed  as  a  result  of  the  somewhat  spasmodic  efforts 
which  had  been  made  during  the  century  to  prepare  a  map  of  Egypt. 

None  of  these  maps  showed  any  property  boundaries,  nor  did  the 
revisions  of  them,  which  were  prepared  for  the  use  of  the  irrigation 
engineers  by  the  hydrographical  survey,  supply  anything  more  than 
a  topographical  plan  of  each  province,  but  the  triangulation  which 
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was  employed  in  the  province  of  Giza  was  used  in  1898  to  control 
the  chain  survey  of  the  new  Cadastre,  so  that  it  is  desirable 
briefly  to  place  on  record  the  methods  resorted  to  and  the  results 
obtained.  *  The  Cadastre  of  1878-1888  restricted  its  operations, 
as  we  have  seen,  to  four  provinces  in  the  Delta  and  that  of  the 
Fayum  in  Upper  Egypt,  so  that  the  engineers  of  the  Irrigation 
Service  had  been  obliged  to  prepare  such  maps  as  were  necessary 
for  their  work  in  the  Nile  Valley.  They  therefore  took  the  existing 
maps  which  had  been  made  in  1870  and  1871  (see  p.  74)  on  the  scale 
of  1  :  2.5,000  and  corrected  them  roughly,  but  without  undertaking 
a  full  revision  in  the  field,  for  which  there  was  no  time  to  be  spared 
from  other  urgent  duties.  These  corrected  copies  were  reduced 
to  the  scale  of  1  :  100,000  and  were  reproduced  by  lithography  in 
colours,  black  being  used  for  place-names,  railways,  etc.,  blue  for 
water,  red  for  towns  and  villages,  green  for  the  cultivable  land,  and 
brown  for  hills  and  the  desert. 

Neither  in  1870  nor  during  the  revision  of  these  maps  in  1885-1886 
had  any  attempt  been  made  to  show  the  cliffs  of  the  Nile  Valley  in 
their  exact  position  with  accuracy,  so  that  this  portion  of  the  country 
was  represented  on  the  maps  in  a  purely  conventional  manner;  the 
topography  of  the  desert  was  completely  omitted. 

In  the  Fayum  a  certain  amount  of  re-survey  and  revision  was  done 
during  the  reorganization  of  the  irrigation  system  in  this  province, 
but  in  the  main  the  maps  of  the  Irrigation  Service  were  based  on 
those  made  originally  under  Mahmud  Pasha  el  Falaki  with  such 
corrections  and  additions  as  could  be  made  without  undertaking  a 
complete  revision  of  them.  This  applied  to  those  of  the  province  of 
Giza  and  all  the  provinces  to  the  south  of  it. 

In  the  Delta,  where  perennial  irrigation  had  been  long  in  operation, 
the  task  of  supplying  water  to  the  crops  throughout  the  year  was 
niore  complicated  than  that  of  filling  and  emptying  the  basins  of  the 
valley,  and  topographical  maps  were  an  urgent  necessity.  On  the 
abolition  of  the  cadastral  survey,  therefore,  the  Ministry  of  Public 
Works  found  it  necessary  to  maintain  a  small  staff  in  order  to  prepare 
a  hydrographic  map  of  Lower  Egypt  for  the  use  of  the  Irrigation 


•  Some  of  that  whioli  had  been  done  in  Gharbia  province  was  used  to  control  the  theoddlito 
tmvprses  there  in  1896-97,  but  oniiii;  to  thi'  position  of  the  triangulation  points  being  uncertain 
tlie  use  of  it  was  discontinued. 


Service  and  to  carry  out  the  levelling  and  surveying  needed  in  designing 
the  improvements  and  modifications  which  were  being  introduced  into 
the  system  of  distributing  the  water  of  the  Nile.  Beheira  was  the  first 
province  in  which  work  was  commenced,  and  in  1889  a  series  of  small 
triangles  were  observed  which  were  to  form  the  basis  of  a  topographical 
survey  carried  out  by  means  of  the  plane-table.  In  the  provinces 
where  the  cadastral  survey  had  worked  traverses  were  carried  along 
the  railways  in  order  to  connect  the  several  groups  of  triangulation 
which  had  been  observed  in  the  years  preceding  1888. 

The  methods  used  were  essentially  those  of  the  old  Cadastre,  on 
which  most  of  the  surveyors  had  served,  and  as  the  field  maps  were 
prepared  on  the  scale  of  1  :  10,000  there  was  no  particular  inducement 
to  improve  the  accuracy  of  the  system,  since  it  was  assumed  that  what- 
ever had  been  used  for  the  survey  on  the  scale  of  1 : 4,000  would  be 
amply  good  enough  for  maps  on  the  scale  of  1  :  10,000  ;  moreover,  the 
funds  available  were  very  limited  and  the  maps  were  required  as  soon 
as  they  could  possibly  be  produced.  A  short  base-line  of  about  2,000 
or  3,000  metres  in  length  was  measured  in  each  province  by  means  of  a 
20-metre  steel  band,  which  was  assumed  to  be  of  correct  length,  and  no 
correction  was  applied  either  to  reduce  the  length  to  any  definite 
temperature,  or  to  allow  for  any  changes  of  temperature  which  might 
have  occurred  during  the  measurement.  The  sides  of  the  triangles 
were  about  three  kilometres  long,  and  all  three  angles  should  have 
been  observed,  but  it  is  evident  from  the  angle-books  that  this  was 
often  evaded,  and  that  the  third  angle  was  obtained  by  deducting  the 
sum  of  the  two  observed  angles  from  180".  The  angles  in  Giza  pro- 
vince were  measured  with  an  8-inch  theodolite  furnished  with  three 
verniers.  Each  angle  was  observed  both  "face-right"  and  "face- 
left,"  but  not  on  different  parts  of  the  circle  by  taking  several  "arcs." 
The  computation  of  the  triangles  and  of  the  co-ordinates  was  carried 
out  in  the  field  by  the  observers  themselves,  who  employed  magnetic 
azimuths,  so  that  the  accuracy  of  the  result  was  only  such  as  would 
suffice  for  small-scale  maps.  At  first  the  triangulation  points  were 
marked  by  wooden  pickets,  which  were  soon  removed  or  lost,  and  in 
Beheira  and  Daqahlia  provinces  no  other  marks  were  employed.  In 
1895,  while  Sharqia  province  was  being  surveyed,  iron  marks  were 
introduced,  and  these  were  also  used  in  the  part  of  Gharbia  which  was 
triangulated  in  1896  and  1897.    An  attempt  was  made  to  utilize  this 
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triangulation  in  1897,  but  much  caution  had  to  be  exercised,  for  the 
points^were  first  marked  with  wooden  pickets  and  from  these  the  obser- 
vations were  made ;  afterwards  a  chainman  replaced  the  wooden  picket 
by  an  iron  mark,  but  he  did  not  always  realize  the  necessity  of  doing 
so  with  considerable  precision,  so  that  the  iron  marks  are  not 
infrequently  as  much  as  two  metres  out  of  place.  The  co-ordinates  of 
the  triangulation  were  computed  with  the  aid  of  the  magnetic  azimuths 
and  the  positions  so  obtained  were  plotted  on  the  scale  of  1  :  10,000  on 
field-sheets.  On  these  the  topographical  detail  was  plotted  by  means 
of  the  plane-table  by  intersecting  graphically  a  number  of  points  and 
drawing  in  the  detail  with  the  aid  of  a  few  measured  offsets.  Even 
with  this  simple  procedure  the  maps  so  made  were  a  very  great 
advance  on  any  which  had  been  produced  previously  and  were  of  the 
utmost  value  to  the  Irrigation  Service.  Unfortunately  the  Drawing 
Office  of  the  Ministry  was  not  able  to  reproduce  these  maps  on  this 
scale,  viz.,  1  :  10,000,  since  it  was  too  large  a  piece  of  work  for  the 
staff  which  then  existed,  so  reductions  to  1  :  25,000,  1  :  50,000  and 
1  :  100,000  were  prepared,  but  only  the  last  of  these  was  lithographed 
and  published  in  two  editions,  English  and  Arabic. 


Maps  of  Lower  Egypt,  scale   1:  100,000. 
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This  survey  was  primarily  topographical  and  will  therefore  be 
more  fully  described  in  the  report  on  that  branch  of  the  work  of  the 
Department.  * 


*  LvoNS.  •■  Topographicnl  Surveying  in  Egypt."  (in  the  press). 
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CHAPTER  IX. 

State  Lands  Survey,  1891-1896. 

The  reorganization  of  the  system  of  irrigation  in  Egypt,  which  was 
commenced  by  Sir  CoHn  Scott-Moncriefi  in  1883  and  which  was  carried 
on  systematically  year  by  year  throughout  the  country,  soon  began  to 
show  results.  Canals  which  had  become  silted  up  were  cleared,  others 
were  straightened  and  remodelled,  a  more  methodical  system  of  dis- 
tribution was  introduced,  drains  were  dug  to  carry  off  the  water  from 
water-logged  lands  and  to  remove  that  which  was  used  for  washing 
salty  ground.  By  1891  much  had  been  done  and  order  had  taken  the 
place  of  the  chaos  which  had  reigned  over  wide  areas  of  the  country 
as  late  as  ten  and  fifteen  years  before.  Channels  of  more  suitable  size 
and  slope  and  more  correctly  laid  out  were  now  carrying  the  silt-laden 
water  of  the  flood  to  areas  which  had  long  been  deprived  of  it,  and  by 
more  systematic  arrangements  for  distribution  land  which  had  hitherto 
been  out  of  reach  of  a  good  water-supply  was  now  regularly  irrigated. 
This  general  improvement  in  the  distribution  of  water  was  followed 
by  a  rapid  development  of  cultivation ;  cultivated  areas  which  had 
hitherto  been  separated  by  tracts  of  poor  or  waste  land  extended 
their  limits  by  reclaiming  portions  of  these  and  gradually,  as  the 
supply  of  water  became  regular  and  assured,  a  large  amount  of  inferior 
land  was  improved  and  brought  under  cultivation.  Along  the  margin 
of  the  Delta  where  the  cultivation  and  the  desert  joined  there  were 
large  tracts  of  low-lying  land  which  were  only  reclaimable  if  a  regular 
water-supply  was  available  and  if  the  surplus  water  could  be  drained 
off.  Here,  too,  there  lay  large  tracts  of  the  lands  collectively  termed 
"  Kharig  el  Zimam  "  or  land  which  had  been  considered  as  outside 
the  province  of  earlier  cadastral  records  since  it  was  uncultivated  and, 
under  the  conditions  then  existing,  uncultivable.  Although  some  of 
this  land  had  been  in  the  past  granted  to  individuals  on  the  condition 
that  it  was  reclaimed,*  much  of  it  still  belonged  to  the  Government, 
but  often,  in  the  absence  of  maps  on  which  these  areas  had  been 


*  Sec  Chapter  V,  p.  67. 
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shown,  its  location  was  a  matter  of  much  difficulty  if  not  absolutely 
impossible. 

Nowhere  had  the  improvements  in  the  irrigation  been  greater  than 
in  the  district  of  El  Arin  (now  Faqus)  in  the  province  of  Sharqia,  and 
here  large  areas  of  land  which  had  hitherto  been  unproductive  were 
year  by  year  being  brought  under  cultivation.  The  revenue  returns, 
however,  did  not  show  any  marked  increase  of  land  under  cultivation, 
and  in  the  early  part  of  1891  an  enquiry  was  instituted  in  the  village 
of  El  Menaga  near  Salhia  to  investigate  the  matter  and  to  verify 
the  area  which  was  actually  being  cultivated.  This  village  was 
situated  on  the  margin  of  the  desert  and  near  the  end  of  the  Sarana 
canal.  Much  had  been  done  to  improve  this  and  the  neighbouring 
canals  as  well  as  the  large  Bahr  el  Baqar  drain  so  that  a  considerable 
increase  of  cultivation  was  to  be  anticipated  in  the  area  which  they 
served. 

It  was  then  found  that  much  land  was  under  cultivation  which  was 
not  entered  in  the  land-register  of  the  village,  since  the  landowners  had 
in  many  cases  encroached  on  the  Government  land  lying  within  and 
near  the  village  boundaries.  In  the  autumn  of  1891  therefore  a 
re-measurement  of  the  lands  of  this  village  was  made  to  ascertain  the 
extent  of  these  encroachments  and  resulted  in  the  total  cultivated 
area  which  should  have  been  recorded  in  the  land-register  being 
increased  from  about  2,000  feddans  to  about  5,000 ;  this  village  has 
since  increased  its  area  of  cultivated  land  to  12,566  feddans.  The 
excess  thus  foimd  was  sold  at  very  moderate  rates  to  the  inhabitants 
and  the  neighbouring  proprietors,  the  purchasers  being  mostly  Bedawin. 
These  results  showed  the  necessity  for  such  measurements  as  would 
ensure  that  the  land  which  was  being  brought  under  cultivation  in 
consequence  of  the  improved  system  of  irrigation,  was  duly  recorded, 
and  at  the  same  time  would  guard  against  unauthorized  encroachments. 
In  1892,  therefore,  the  sum  of  L  E.  6,000  was  provided  for  surveying  a 
few  villages  in  Sharqia  province  as  an  experiment,  in  order  to  ascertain 
the  amount  of  Government  land  which  was  cultivated  without  title  by 
the  inhabitants,  and  on  which,  for  the  most  part,  neither  rent  nor  tax 
was  being  paid.  This  work  was  the  commencement  of  the  present, 
cadastral  survey.  The  sum  allotted  was  to  cover  not  only  the  cost  of  sur- 
veying the  land  but  also  aU  further  expenditure  incurred  in  disposing 
of  the  land  to  those  who  were  cultivating  it  or  who  wished  to  purchase 
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it ;  the  actual  amount  expended  in  the  field  survey  in  1892  was 
L.E.  3,500. 

At  first,  in  1892,  nine  engineers  and  twelve  surveyors  were  employed 
under  an  inspector ;  several  of  them  had  previously  been  assistant 
engineers  in  the  Cadastre  of  1878-1888  which  had  been  suppressed 
three  years  before,  so  that  naturally  the  same  technical  methods  were 
employed.  There  was  no  question  at  this  time  of  making  a  complete 
survey  of  the  whole  country,  but  only  of  re-measuring  the  State  lands 
in  the  villages  in  order  to  check  the  wholesale  encroachment  upon  them 
which  was  everywhere  in  progress  as  a  result  of  the  reorganization  of 
the  irrigation.  For  the  moment,  also,  the  work  was  merely  experimental 
and  therefore  the  survey  of  individual  villages  only,  and  not  of  a  large 
tract  of  country,  was  contemplated,  so  that  no  systematic  triangulation 
was  carried  out.  The  "  hods  "  into  which  each  village  was  divided 
were  surveyed  by  means  of  graphic  triangulation  executed  with  a  plane- 
table,  just  as  had  been  done  in  the  earlier  cadastral  work  (see  p.  86), 
and  short  base-lines  were  measured  with  a  chain.  These  were  plotted 
on  the  field-sheets  on  the  scale  of  1  :  4,000  and  from  them  numerous 
points  were  fixed  by  intersection,  from  which  the  boundaries  of  the 
"hods"  could  be  drawn  in.  Other  important  features,  such  as  canals, 
pubhc  works,  large  areas  of  State  lands,  and  properties  of  over  twenty 
feddans  in  area,  were  also  mapped  in  this  way.  The  question  of 
plotting  the  smaller  holdings  was  considered  and  an  experiment  was 
made  in  the  village  of  Awlad  Musa,  but  it  was  decided  that  for  the 
time  being  private  holdings  smaller  than  twenty  feddans  in  area  need 
not  be  shown  on  the  maps  on  account  of  the  additional  time  and 
expense  involved. 

The  smaller  holdings  were  measured  by  the  surveyors  with  qassaba 
rods  or  five-qassaba  chains,  and  their  areas  were  computed  according  to 
the  old  Egyptian  rules,  the  results  being  compared  with  those  obtained 
from  the  area  of  the  larger  portions  of  which  they  formed  part  and 
which  were  calculated  from  the  maps  by  the  ordinary  methods  of 
mensuration,  and  with  the  planimeter.  This  work  was  not  plotted  to 
scale  on  the  maps  but  the  computed  area  of  each  holding  was  recorded 
in  a  register. 

In  this  respect  there  was  a  distinct  falhng  below  the  standard  of  the 
work  of  the  older  Cadastre,  but  this  was  to  be  excused  on  the  grounds 
that  the  object  was  to  locate  the  State  lands  and  not  to  establish  a 


—  no  — 


survey  and  register  of  property ;  besides,  Sharqia  was  not  one  of  the 
provinces  in  which  the  Cadastre  of  1878-1888  had  been  carried  out,  so 
that  the  old  records  of  Bahgat  Pasha's  measurements  made  forty  years 
before  were  all  that  were  available.  These  were  again  followed  as  a 
pattern  and  in  them  the  name  of  each  landowner  was  written,  with  the 
dimensions  of  his  plots  in  qassabas  beneath  ;  the  computation  and  the 
results  were  given,  as  already  explained  in  Chapter  VI  (p.  71).  Printed 
registers  were  not  introduced  until  1896. 

The  sub -inspectors  checked  the  work  by  chaining  check-lines  and  by 
intersections  obtained  with  the  plane-table  ;  some  of  the  holdings  also 
were  re-measured  by  them  and  the  areas  thus  determined  were  com- 
pared with  those  obtained  by  the  surveyors  ;  the  areas  of  the  larger 
divisions  which  the  engineers  had  mapped  and  computed  were  also 
checked  by  the  sub-inspectors  with  the  planimeter. 

By  the  means  of  even  these  simple  methods,  large  areas  of  Govern- 
ment property  were  found  which  were  being  illegally  cultivated  without 
either  rent  or  tax  being  paid ;  when  these  encroachments  had  been 
located  much  of  this  land  was  sold  by  auction  or  by  private  treaty  at 
a  moderate  price  to  those  who  were  already  cultivating  it,  with  the 
object  of  settling  them  on  the  land.  They  thus  obtained  a  title  to  the 
land  they  cultivated,  and  fully  appreciated  the  benefit  of  this  arrange- 
ment. 

At  first  there  was  considerable  variety  in  the  methods  employed, 
for  some  of  the  surveyors  included  a  large  amount  of  detail,  while  others 
mapped  little  more  than  the  hod  boundaries  and  the  principal 
features.  This  diversity  was  gradually  eliminated,  and  before  long 
all  the  work  was  carried  out  systematically  on  the  plan  described  above. 

So  far  from  any  opposition  being  raised  to  this  survey,  the  general 
attitude  of  the  inhabitants  was  surprisingly  favourable  ;  it  was  certain 
that  a  large  amount  of  Government  land  would  be  found  to  be  included 
in  private  holdings  or  to  be  clandestinely  cultivated,  and  on  this  they 
would  be  compelled  to  pay  taxes.  Still  the  belief  that  the  Government 
would  be  willing  to  sell  them  this  land  at  a  reasonable  price,  and  so 
relieve  them  from  frequent  partial  re-measurements,  claims,  and 
disputes,  inclined  them  to  welcome  a  definite  settlement  of  the  matter. 

This  development  of  irrigation  on  the  margin  between  cultivation 
and  desert  gave  a  great  impulse  to  the  development  of  the  agriculturist 
from  the  nomad  in  bringing  waste  land  under  cultivation.    Much  of  this 
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newly  reclaimed  land  was  bought  by  Bedawin  who  eagerly  seized  the 
opportunity  of  eking  out  their  meagre  existence  as  horse  and  camel 
owners  by  cultivating  barley,  beans,  bersim,  ground  nuts,  and  in  some 
cases  even  cotton.  Without  giving  up  their  ancient  occupation  they 
found  that  adopting  in  part  an  agricultural  life  increased  their  comfort 
and  prosperity,  while  from  the  point  of  view  of  the  State  they  became 
more  orderly  and  more  readily  controlled. 

Besides  the  village  of  El  Menaga  which  was  begun  experimentally  in 
1891,  eleven  others  in  the  same  district  were  commenced  in  1892  ;  they 
have  again  been  surveyed  recently  in  order  to  publish  maps  of  their 
holdings  of  the  same  standard  of  accuracy  as  has  been  attained  in  other 
provinces  which  have  been  surveyed  since  1898 ;  their  areas  as 
determined  at  these  two  periods  may  therefore  be  compared  although 
some  of  the  difference  is  due  to  the  reclamation  of  waste  land  which 
was  not  included  in  the  earlier  survey : — 


AREA  IN  KKI)1)AN8. 


Vi  llano. 

1892. 

mr. 

Feddans. 

Fcdduns. 

Dawiir  Gaheiiiii   

1,609 

1,547 

Kafr  el  Hag  Omar   

i,m 

1,380 

Sawada  

4,276 

4,442 

Deideimuii   

4,470 

4,417 
3,755 

Awlad  Mu.sa  

3,750 

Dawaiiiir   

8.013 

7,911 

El  Akheiwa  

15,835 

16,357 

8,(;.'jo 

Qalibiina  

8,41);) 

Akiad   

i),;t32 

10,038 

.Salhia   

17,149 

17,130 

Qantir   

2,642 

2,627 

The  value  of  the  survey,  even  on  the  modest  lines  hitherto  followed, 
was  by  this  time  so  well  demonstrated  that  in  1893  the  sum  of 
L.E.  12,500  was  allotted  to  the  work,  which  enabled  four  other  districts 
of  Sharqia;  namely,  Belbeis,  Miniet  el  Qamh,  Ibrahimia  (now  Kafr  Saqr), 
and  Sawala  (now  Hehia),  to  be  taken  in  hand  in  addition  to  the  one 
aheady  under  survey.  In  each  district  a  sub-inspector  was  in  charge 
of  the  work,  with  seven  engineers  and  eight  or  nine  surveyors  imder 
him ;  work  was  also  commenced  in  Beheira  province  under  an  in- 
spector during  the  same  year. 


The  total  staff  employed  in  this  year  was  : — 


Inspectors   

Sub-inspectorfi   

Engineers   

Surveyors   

Chainmen   

Total... 


In  1893  with  the  sum  of  L.E.  12,500  which  had  been  provided  the 
survey  of  the  State  lands  was  carried  out  on  the  same  lines  as  in 
1892 ;  the  lands  of  each  village  were  measured,  the  area  registered 
in  the  name  of  each  landowner  was  located,  and  when  encroachments 
on  Government  property  in  excess  of  five  per  cent,  of  the  area  owned 
were  discovered,  the  settlement  of  the  existing  occupier  on  the  land 
was  attained  by  transferring  to  him  the  land  in  return  for  a  payment 
which  represented  a  moderate  compensation  to  the  Government  for 
the  loss  of  taxes  to  which  it  was  legitimately  entitled,  rather  than  the^ 
market  value  of  the  land.  The  maps  were  coloured  to  show  the  State 
lands  and  the  divisions  of  the  village,  but  private  property  was  only 
partially  indicated.    (See  Plan  XVIII). 

Work  was  continued  on  these  methods  throughout  this  year,  and 
also  the  next  in  which  a  larger  grant  was  made,  L.E.  18,206  being 
expended  on  surveying  work  in  Beheira  and  Sharqia  provinces. 

The  end  of  1895  marks  a  definite  stage  in  the  development  of  the 
survey  of  Egypt.  The  work  of  the  past  four  years  had  definitely 
shown  that  large  areas  of  Government  land  had  been  encroached  upon 
or  appropriated,  without  the  fact  being  known  to  the  authorities  on 
account  of  the  form  in  which  the  land-registers  were  kept  and  the 
procedure  which  was  followed  for  their  correction  and  verification. 
Moreover,  the  measurements  recorded  in  the  village  registers  were 
often  very  inaccurate,  and  in  most  cases  only  the  total  area  owned  by 
each  proprietor  was  recorded,  although  more  often  than  not  such 
properties  consisted  of  numerous  small  plots  which  were  situated  in 
different  parts  of  the  village  lands.  In  such  cases  the  register  furnished 
no  means  of  identifying  on  the  ground  the  different  plots  of  which  a 
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property  was  composed,  so  that  it  furnished  but  little  assistance  in 
elucidating  claims  of  possession  or  complaints  of  encroachment. 

In  the  four  years  1892-1895  much  had  been  done  in  two  provinces 
to  improve  this  state  of  affairs,  and  incidentally  about  L.E.  128,000 
had  been  collected  on  account  of  42,350  feddans  which  had  been  sold 
to  those  who  had  been  found  in  illegal  occupation  of  them  by  means 
of  the  surveying  operations  on  which  some  L.E.  56,000  had  been 
expended.  The  survey  was  now  to  enter  upon  a  wider  sphere  of 
action,  since  it  had  become  necessary  to  carry  out  a  re-assessment  of 
the  land-tax  throughout  the  country,  where  in  many  cases  poor  land 
was  paying  a  higher  tax  than  neighbouring  land  of  good  quality,  a 
relic  of  the  fiscal  disorganization  of  the  preceding  decades. 

A  Commission  under  Sir  William  Willcocks  was  appointed  in  1895 
to  examine  into  the  incidence  of  the  land-tax  as  it  then  existed.  A 
notice  was  issued  by  the  Government  that  the  total  amount  of  land- 
tax  would  not  be  increased  but  that  the  land-tax  would  be  re-distri- 
buted in  order  that  it  should  bear  a  relation  to  the  value  and  fertility 
of  the  land,  thereby  putting  an  end  to  numerous  anomalies  which 
existed.  In  no  case  was  the  existing  maximum  rate  of  tax  of  L.E.  1.640 
per  feddan  to  be  exceeded.  . 

This  work  of  re-assessing  the  rates  of  land-tax  was  carried  out  by 
ten  sub-commissions  each  of  which  consisted  of  two  official  members, 
one  being  an  European,  and  two  non-official  members  who  were  selected 
by  the  Mudirs  from  a  number  of  landed  proprietors  elected  by  repre- 
sentative landed  proprietors.  * 

These  sub-commissions  visited  each  village  and  assessed  the  rate  of 
tax  that  the  land  in  each  "  hod"  of  the  village  should  bear  according 
to  its  quality,  in  order  to  arrive  at  the  total  amount  of  tax  that  the 
village  should  be  called  upon  to  pay.  The  work  was  completed  through- 
out the  whole  of  Egypt  in  fifteen  months,  and  the  total  amount  of 
the  land-tax  to  be  paid  by  each  village  was  indicated  in  a  report. 
There  were  several  reasons  why  these  results  could  only  represent  the 
first  stage  in  the  scheme  of  re-assessment :  firstly,  there  were  no  maps 
on  which  the  boundaries  of  the  "hods"  were  shown,  so  that  their 
limits  were  only  approximately  ascertainable ;  secondly,  the  areas 
of  both  "  hods  "  and  villages  were  only  known  with  a  very  moderate 
degree  of  accuracy  ;  and  thirdly,  if  the  rate  of  tax  was  fixed  for  any 
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"hod"  or  the  total  sum  to  be  collected  from  any  village  was  determined 
there  was  much  to  be  done  before  it  could  be  apportioned  among  the 
individual  proprietors.  Since  in  the  village  land-registers  the  land 
belonging  to  each  taxpayer  was  shown  as  a  single  total,  or  sometimes 
as  two  or  three  amounts  with  meagre  indications  of  the  part  of  the 
village  in  which  the  lands  lay,  it  was  not  possible  to  determine  what 
rate  of  tax  was  due  from  properties  made  up  of  several  small  plots 
which  for  the  most  part  were  not  contiguous  or  even  adjacent,  but 
were  separated  by  some  distance,  and  were  often  in  different  divisions 
of  the  village,  being  probably  of  different  degrees  of  fertiUty. 

The  area  subject  to  each  rate  of  tax  was  shown  separately  and  the 
total  amount  of  the  tax  which  the  owner  had  to  pay  was  thus  arrived 
at ;  but  when  the  tax  was  re-assessed  it  might  happen  that  some  of  his 
land  at  a  high  rate  of  tax  might  have  to  be  transferred  to  a  lower 
rate  or  vice  versa,  so  that  it  became  essential  to  locate  each  separate 
holding  on  the  ground  and  to  plot  it  to  scale  on  a  map  so  that 
holdings  of  which  the  rate  of  tax  was  changed  could  be  separated  from 
those  on  which  it  was  maintained.    This  necessitated  a  considerable 
change  in  the  survey  methods  and  the  addition  of  a  large  amount  of 
detail  to  the  village  maps  which  had  hitherto  shown  no  private  pro- 
perty of  less  than  twenty  feddans  in  area,  and  this  amounted  to 
re-measuring  all  the  cultivable  land  in  Egypt  and  re-writing  all  the 
land-registers.    A  more  effective  control  of  the  chain  survey  than  the 
graphic  triangulation  which  was  carried  out  by  means  of  plane-tables 
and  telescopic  alidades  had  to  be  introduced,  and  the  computation 
of  field  areas  could  no  longer  be  derived  from  the  measurements  by  the 
old  Coptic  rules  of  arithmetic  which  have  already  been  discussed  (p.  43), 
In  1895  the  engineers  had  begun  to  measure  and  plot  in  detail  all 
holdings  of  ten  feddans  and  upwards,  and  the  surveyors  were  being 
instructed  to  plot  their  measurements  to  scale  ;  areas  of  each  "  hod" 
were  at  this  time  calculated  twice,  once  from  the  measurements  taken 
in  the  field  and  a  second  time  by  means  of  a  planimeter  from  the  map 
after  the  work  had  been  plotted.    The  surveyors'  areas  computed 
from  their  field  measurements  were  compared  with  these  '■  hod  "  areas 
and  differences  which  exceeded  TO  per  cent,  were  enquired  into. 

At  the  end  of  the  year  theodolite  traverse  was  introduced  to  control 
the  detail  survey ;  surveyors  commenced  to  plot  their  measurements 
to  scale,  and  all  holdings  except  the  smallest  were  shown  on  the  maps ; 
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areas  of  villages  were  computed  from  observations  made  in  the  course 
of  the  traverse  and  the  areas  of  fields  were  obtained  with  the  aid  of 
the  "feddan  comb";*  the  measurements  were  all  made  in  metres  and 
plotted  to  the  scale  of  1  :  4,000  while  the  final  areas  were  taken  out 
in  feddans.  At  this  point  then  we  enter  upon  the  second  stage  of  the 
Revenue  Survey  when  it  developed  from  being  primarily  a  survey  of 
State  lands  made  with  the  object  of  locating  Government  property 
and  checking  encroachment,  and  became  to  all  intents  and  purposes 
a  cadastral  survey.  The  changes  which  were  afterwards  made  from 
time  to  time  aimed  at  expediting  and  facilitating  inspection  and 
control,  but  the  scope  of  the  survey  did  not  greatly  alter. 

The  total  area  which  had  been  surveyed  by  the  earlier  methods 
between  the  beginning  of  1892  and  the  end  of  November  1895  was 
reported  as  amounting  to  about  478,000  feddans  completed,  and 
another  1,277,000  feddans  in  various  stages,  which  were  distributed 
as  follows  : — 


Province. 

Completed. 

Awiiiting 
approval. 

Surveyed 
by  engineers 

and 
surveyors. 

Surveved 

w 

engineers. 

Not 
commenced. 

Total  area 
of  province. -f- 

Sliarqia  

Beheira  

159,000 
174,000 

145,.500 

247,000 
212,000 

410,000 
408,000 

21)3,000 

818,417 
1,087,001 

The  sum  expended  on  this  work  in  these  four  years  was  as  follows: — 


Yaar. 

Sum  expended  on  survey. 

L.  B. 

im   

3,500 

1893   

12,500 

1894   

18,20G 

1895   

21,872 

1892-5  

50,078 

The  above  areas  are  but  estimates  and,  in  the  case  of  Sharqia,  they 
are  liberal  ones,  for  although  the  province  was  not  yet  completed,  the 


•  For  a  description  of  this  see  Chapter  XV. 
f  By  final  measurement. 
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area  returned  amounts  to  150,000  feddans  more  than  the  total  area  of 
the  province.  Omitting  the  areas  surveyed  by  the  engineers  only,  as 
being  in  the  first  stage  of  the  work,  the  area  surveyed  in  four  years 
amounted  to  937,000  feddans  up  to  the  end  of  November  1895,  which 
had  been  surveyed  at  a  total  cost  of  L.E.  56,078  or  we  may  consider 
about  1,000,000  feddans  as  having  been  completed  for  this  sum  by 
the  end  of  the  year  ;  this  gives  a  rate  of  fifty-six  milliemes  per  feddan 
which  would  perhaps  become  fifty  milliemes  per  feddan  if  the  land 
surveyed  by  the  engineers  were  allowed  for,  but  might  rise  to  sixty  if 
the  over-estimated  areas  could  be  corrected  (cf.  cost  given  on  p.  143). 
Sales  of  land  as  the  result  of  this  survey  of  the  State  lands  had  realised 
L.E.  128,000  and  the  yearly  receipts  from  the  land-tax  had  been 
increased  by  about  L.E.  7,000. 

As  the  Re-assessment  Commission  was  already  at  work,  the  question 
of  the  modifications  to  be  introduced  into  the  State  Lands  Survey  was 
already  engaging  attention.  Mr.  B.  Fuller,*  who  was  at  this  time  in 
Egypt  for  the  purpose  of  advising  upon  the  development  of  agriculture 
in  the  country,  was  also  asked  to  give  his  opinion  on  the  survey  and  to 
suggest  any  improvements  which  he  might  consider  desirable.  In 
reporting  on  the  work  of  the  survey  he  pointed  out  that  the  rate  of 
work  must  be  increased  if  the  land-tax  was  to  be  re-assessed 
within  any  reasonable  period  of  time,  and  that  an  independent  control 
should  be  introduced  to  restrict  the  errors  of  the  chain  survey ; 
he  also  considered  the  cost  to  be  high  when  compared  with  that  of 
similar  work  in  India.  With  the  view  of  expediting  the  survey  and 
improving  the  control  the  work  was  divided  into  two  parts  of  which 
the  first  was  executed  by  a  Technical  branch  who  carried  out  the 
survey  and  the  field-measurements,  plotted  these  to  form  maps,  and 
prepared  a  comprehensive  index  to  the  map  of  each  village  in  which 
each  plot  was  entered  together  with  its  area,  the  class  of  land,  the 
rate  of  tax,  the  name  of  its  owner,  and  of  the  present  occupier.  The 
second  part  was  entrusted  to  a  Settlement  branch  who  received  the 
map  and  the  index  (land-register)  and  from  them  prepared  a  statement 
of  each  landowner's  total  property  and  the  total  tax  payable  by  him  ; 
errors  and  complaints  were  investigated  and  State  lands  were  leased, 
sold  or  otherwise  dealt  with.    In  order  to  control  the  chain  survey 
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closed  traverses  were  to  be  introduced  with  such  subsidiary  traverse 
lines  as  might  be  necessary,  and  the  points  on  these  lines  furnished  a 
series  from  which  the  detail  measurement  could  start  and  on  which  it 
could  close  ;  being  computed  in  the  central  offices  from  the  traversers' 
field  observations,  their  accuracy  could  be  better  controlled  than  that 
of  the  graphic  plane-table  triangulation  which  had  been  employed 
hitherto. 

The  first  polygonal  traverse  was  made  in  September  1895,  when  the 
area  of  some  20,000  feddans  of  land,  known  as  Shiflik  el  Wadi,  in  the 
Wadi  Tumilat  between  Zagazig  and  Ismaiha,  had  to  be  determined 
in  a  few  days.  In  the  winter  of  1895-1896  some  villages  in  the 
province  of  Sharqia  were  traversed,  the  details  being  filled  in  by  sur- 
veyors who  had  had  a  brief  training  in  this  new  class  of  work.  These 
villages  were  isolated  ones,  or  were  situated  in  groups  of  two  or  three, 
being  surrounded  by  other  villages  which  had  previously  been  surveyed 
with  the  plane-table  and  graphic  triangulation ;  magnetic  meridians 
were  employed.  At  first  small  angle-measuring  instruments — gonio- 
meters— were  employed  which  had  a  horizontal  circle  of  only  six 
centimetres  in  diameter  and  could  be  read  to  2'  by  means  of  a  single 
vernier.  The  staff  were  not  sufficiently  expert  to  obtain  satisfactory 
results  from  these  instruments,  of  which  the  telescopes  were  not 
powerful  enough  for  the  length  of  the  line  over  which  they  were 
used  ;  they  were  introduced  at  first  ^from  motives  of  economy,  but 
were  soon  replaced  by  5-inch  vernier  theodolites.. 

Work  had  been  commenced  in  Gharbia  towards  the  end  of  1895  and 
in  this  province  all  the  villages  were  traversed. 

To  assist  in  introducing  these  new  methods  of  survey  and  to  organize 
the  Technical  branch  as  quickly  as  possible  the  services  of  an  officer  of 
the  Indian  Revenue  Survey  were  obtained  and  he  took  charge  of  this 
branch  from  April  1896  until  October  1897,  when  he  returned  to  India. 

This  year,  1896,  was  therefore  one  of  transition  from  the  older  method 
of  survey  with  the  plane-table  to  the  new  methods^of  closed  traverse 
circuits  within  which  the  detail  was  measured  and  plotted  to  form  a 
complete  map  of  the  village  on  the  scale  of  1 :  4,000.  The  change  took 
some  time  to  effect  and  it  was  not  until  the  end  of  the  year  that  the 
new  system  was  in  full  working  order.  The  principal  reason  for  this 
was  that  in  order  to  use  the  maps  which  had  been  prepared  on  the  old 
system  for  re -assessment  of  the  land-tax  it  was  necessary  to  show  on 
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them  the  private  holdings,  which  in  most  cases  had  not  originally  been 
done  ;  this  work  occupied  three  inspectors  and  a  considerable  propor- 
tion of  the  staff  during  the  latter  part  of  1895  and  for  a  large  part  of 
the  next  year,  but  at  the  same  time  it  allowed  the  traverse  work  to 
be  observed  and  computed  in  time  for  use  by  the  detail  surveyors. 

In  this  year  the  technical  staff  was  divided  into  three  sections,  which 
were  employed  in  : — * 

(1)  Completing  villages  already  surveyed  under  the  old  system  ; 

(2)  Making  sketches  to  show  the  position  of  the  plots  in  each  hod 

of  these  surveyed  villages  for  the  use  of  the  Re-assessment  Com- 
missions ; 

(3)  Being  instructed  in  the  new  methods  of  traversing  and  plotting  on 

maps. 

Each  traverse  party  consisted  of  an  engineer  and  four  chainmen 
who  were  equipped  with  a  vernier  theodolite  and  two  chains  of  unequal 
length.  The  angle  at  each  change  of  direction  was  measured  with  the 
theodolite  (without  change  of  face)  and  the  distance  was  chained  with 
each  chain  ;  the  results  were  computed  in  the  central  office  on  Gale's 
method  with  the  aid  of  Boileau's  traverse  tables,  the  calculations  being 
checked  by  using  Fuller's  (spiral)  slide-rule.  The  permissible  error 
was  fixed  at  one  per  thousand  in  length  but  the  amount  of  that  in 
direction  was  left  to  the  chief  computer's  discretion  and  no  limit  was 
laid  down.  Isolated  villages  or  small  groups  of  villages  which  were 
surrounded  by  others  already  surveyed  by  the  old  methods  were 
traversed  first  of  all,  and  magnetic .  azimuths  were  employed  just  as 
had  been  done  for  the  plane-table  triangulation.  When  new  districts 
were  commenced  the  azimuths  were  determined  by  observations  taken 
on  the  sun,  when  near  the  horizon,  with  a  theodolite,  the  altitude  and 
direction  being  read  off  simultaneously  on  the  vertical  and  horizontal 
circles  ;  these  observations  were  taken  at  points  where  the  boundaries 
of  three  districts  joined  and  at  intervals  of  about  fifteen  kilometres 
along  these  boundaries. 

In  the  computing  office  these  azimuths  were  calculated  and  the 
traverse  angles  between  each  azimuth  point  were  corrected  until  they 
fitted  in  with  the  observed  azimuths  which  were  assumed  to  be  free 


*  This  account  is  compiled  from  information  furnished  by  Mr.  Villicrs  Stunrt. 
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from  error.  The  thirty-first  meridian  east  of  Greenwich  was  taken 
as  the  central  meridian  of  the  area  for  the  purpose  of  projecting  the 
maps  and  computing  the  co-ordinates  of  points,  but  as  no  map  was 
prepared  to  inchide  a  larger  area  than  the  lands  of  a  single  village  this 
was  not  specially  made  use  of ;  map-sheets  having  continuous  sheet- 
lines  were  not  introduced  until  some  years  later  when  the  triangula- 
tion  of  Qaliubia  and  Daqahha  had  been  completed.  As  soon  as  each 
district  had  been  completely  traversed  a  sketch  was  made  showing 
the  boundary,  and  all  the  interior  circuits,  as  well  as  the  closing 
error  of  each  circuit,  after  the  necessary  correction  had  been  applied 
to  the  main  circuit.  The  angles  common  to  the  main  and  interior 
circuits  having  received  the  same  correction,  the  sum  of  the  -1-  errors 
was  equal  to  the  sum  of  the  —  errors  in  the  interior  circuits.  The 
errors  of  the  interior  circuits  were  then  so  distributed  that  the  -j-  and 
—  errors  neutralized  each  other  and  the  whole  angular  work  became 
consistent,  in  that  no  line  could  have  two  bearings  attributed  to  it. 

In  1896  work  was  carried  on  under  the  new  system  in  the  provinces 
of  Sharqia,  Beheira  and  Gharbia.    A  sum  of  L.E.  25,000  was  allotted 
to  the  work  and  the  staff  authorized  consisted  of : — 
1  chief  inspector, 
6  sub-inspectors, 
49  engineers, 
190  surveyors, 
505  chainmen. 

Of  this  staff,  1  inspector  and  9  engineers  were  to  be  employed  upon 
theodolite  traverse  work,  while  the  remainder  would  continue  the 
chain  survey,  being  divided  into  five  inspectorates  each  consisting  of: — 
1  sub-inspector, 
8  engineers, 
38  surveyors, 
100  chainmen. 

At  the  end  of  1896the  actual  number  of  engineers  and  surveyors  was  177. 

Training  the  staff  in  new  methods,  and  inserting  the  holdings  on 
maps  where  they  had  not  been  plotted  in  villages  surveyed  under  the 
old  system,  took  up  much  time,  so  that  only  55,199  feddans  of  new 
work  were  surveyed  during  the  year  ;  but  the  traverse  work  advanced 
rapidly  and  furnished  the  points  necessary  for  controlling  the  chain 
survey. 
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In  reporting  on  the  work  of  this  year,  1896,  Mr,  Dunne,  the  Chief 
Inspector  in  charge  of  the  Technical  branch,  speaks  of  the  difficulties 
which  were  met  with  in  marking  the  traverse  points  in  the  field ;  at 
first,  wooden  pickets  were  used,  but  these  were  continually  removed ; 
then  pottery  cylinders  about  15  centimetres  in  diameter  and  45  centi- 
metres in  length  were  tried,  but  these  proved  even  more  attractive  to 
the  fellahin,  being  admirably  adapted  for  the  construction  of  the 
small  watercourses  which  are  used  in  the  irrigation  of  the  fields,  and 
they  were  removed  almost  as  fast  as  they  were  put  down.  Wooden 
pegs  were  therefore  again  employed  for  a  while,  and  were  then  super- 
seded by  roughly  dressed  limestone  blocks  about  0-20  X  0-20  X  0*50 
metre  in  size.  During  the  year,  601,529  feddans  were  traversed, 
comprising  483  villages,  by  a  staff  of  seven  traverse  engineers ;  such 
details  as  are  now  obtainable  of  the  cost  of  the  work,  the  average 
number  of  points  per  square  kilometre  and  the  average  length  of  line 
are  given  in  chapter  XIV.  Considerable  difficulty  was  experienced 
at  first  in  training  the  surveyors  to  work  from  the  traverse  points 
and  use  them  to  control  the  chain  measurement ;  they  had  been  so  long 
accustomed  to  use  the  old  method  of  measuring  each  plot  separately 
that  they  almost  unconsciously  reverted  to  their  usual  system,  but 
by  forming  a  class  of  instruction  through  which  all  were  passed,  the 
new  method  was  successfully  introduced  during  the  year. 

Printed  forms  were  now  prepared  which  replaced  the  old  manu- 
script registers,  and  columns  were  provided  for  the  different  items  of 
information  which  were  recorded  concerning  each  plot. 

The  amount  of  work  done  during  the  year  is  shown  in  the  following 
table : — * 


Tkaveuse  Work  executed  uuRiNci  1896. 


rrovincps. 

No.  of  villages 
traversed. 

Total  area 
traversed. 

Ko.  of 

assimutliH 
ol)scrve(l. 

Average 
distance  of 
azimuth 
points. 

No.  of  villages 
plotted. 

Feddans. 

Kilos. 

Sliaiviia  ... 

137 

142,072 

0 

137 

Ik'lieini  ... 

238 

304,947 

15 

22 

180 

Gliarbia  ... 

108 

154,510 

3 

18 

0 

483 

601,529 

18 

40 

317 

'  Taken  from  the  Report  on  the  Technical  Branch  for  1896. 
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The  Staff  which  was  employed  from  April  to  December  consisted 
on  the  average  of : — 


Control. 

Supervi- 
sion. 

SURVKY. 

Office. 

Inspector. 

Sub- 
Inspectors. 

Engineers. 

Traversers. 

Messiihin. 

Draftsmen 

and 
r()input(»rs. 

Clerks. 

1 

5 

24* 

7 

130* 

14 

4 

The  work  consisted  in  adding  information  to  tlie  work  previously 
done  so  that  it  could  be  used  for  the  re-assessment,  and  in  carrying 
out  a  chain-survey  in  connection  with  the  new  traverses  which  would 
be  a  Kevenue  Survey  instead  of  one  of  State  lands  only. 


Area  Surveyed  during  1896. 


Boundary  Survey. 

Field  Survey. 

«J  to 

Provinces. 

Estimated 
area  of 
Mudiriat 

By  plane-table 

surveyed  in 
previous  years. 

By  traverse 

surveyed 
during  189G. 

Total 
area  surveyed. 

No.  of  fields 
surveyed. 

Average  size  of 
each  lield. 

Average  numb 
of  surveyors  dur 
year. 

No.  of  village 
for  which  map 
prepared. 

feddans 

fedd'ins 

feddans 

feddans 

feds. 

Sharqia 

532,418 

390,346 

142,072 

57,684 

37,391 

2-9 

76 

Beheira 

482,372 

177,424 

304,947 

76,666 

17,560 

4-4 

40 

Gharbia 

968,235 

1.54,510 

1,983,025 

567,770 

601,529 

134,350 

54,951 

116 

*  Besides  4  engineers  and  15  surveyors  engaged  in  completing  old  work  in  Sharqia  province, 
t  These  figures  are  given  in  the  report  quoted,  but  they  do  not  represent  the  whole  area  of  the 
province,  as  may  be  seen  by  comparing  them  with  the  figures  given  on  p.  138. 


Land-Registers  prepared  dttring  189G. 


Area. 

Name 
of 

Province 

Total 
1  province  for 
liicli  records  to 
l)c  prepared. 

For  wliicli 
■ords  prepared 
previously. 

•a 

-  ^  -  "S 

—  s  c:  5; 

a)  >i  — ■ 
^  c  i  = 

No. 

Ul     t  llll  Ith 

No.  of  entrief 
per  feddan. 

No.  of  village 
[or  which  reco 
prepared. 

a: 
u 

e 

feddan  s 

hharqia 

532,418 

81.r)70 

KA  OA  A 
04,04:4 

o-co 

59 

Beheira 

482,372 

45,274* 

3,792 

0-08 

11 

1,014,790 

126,944 

58,636 

70 

The  operations  had  now  passed  beyond  those  of  a  survey  of  State 
lands,  and  were  advancing  in  the  direction  of  a  cadastral  survey  on 
European  lines  ;  not  only  were  the  revenue-producing  lands  recorded, 
but  all  other  kinds  of  land  were  measured  and  mapped,  both  Govern- 
ment property  and  private  land,  areas  reserved  as  being  of  public 
utility  and  others  which  were  relieved  of  tax  as  being  necessary  for 
the  dwellings  of  the  taxpayers. 

At  the  same  time,  however,  that  the  technical  work  of  land  measure- 
ment was  developed  and  organized,  the  second  share  of  the  preparation 
of  the  cadastral  record  was  allotted  to  a  separate  department  in  the 
Ministry  of  Finance.  Here  the  maps  and  their  indices  (the  land-register) 
were  received  and  the  information  re-arranged  to  form  another  register 
in  which  the  total  area  owned  by  each  proprietor  and  the  amount  of 
tax  due  from  him  was  shown.  This  information  was  compared  in  the 
village  with  the  areas  and  rates  of  tax  previously  recorded  and  any 
diiferences  above  five  per  cent,  were  inquired  into  ;  the  sale  of  Govern- 
ment land  which  had  been  encroached  upon  and  the  lease  of  other 
portions  were  also  dealt  with.  This  arrangement  furnished  an  inde- 
pendent control  upon  the  registers  compiled  by  the  surveyors,  but 
deprived  them  of  a  valuable  check  on  their  work  since  the  comparison 
between  the  area  in  possession  of  a  proprietor  before  and  after  survey 
was  not  made  by  them.  Gradually  the  necessity  for  this  if  mistakes 
were  to  be  avoided  and  false  statements  detected  became  so  evident 
that  some  inspectors  prepared  such  comparative  statements,  although 
the  work  would  be  done  again  by  another  department. 


•  This  inclndes  some  20,000  acres  of  work  on  old  syBtem. 


CHAPTER  X. 


General  Account  of  the  Cadastral  Survey,  1897-1907. 

The  work  of  Sir  William  Willcocks'  Commission  (see  p.  113)  was 
completed  by  April  1897,  and  from  the  results  a  total  rental  value 
for  each  village  was  obtained  by  multiplying  the  area  of  the  village, 
as  given  in  the  land-registers  which  then  existed,  by  the  mean  rental 
value  as  fixed  by  the  Commission.  The  total  rental  value  of  the  land  so 
arrived  at  was  L.E.  16,356,000  on  4,550,181  feddans  of  land  and  the 
land-tax  which  was  then  being  collected  amounted  to  28-64  per  cent, 
of  this  rental  value.*  Before,  however,  the  new  rates  of  tax  could  be 
imposed  a  cadastral  survey  was  necessary,  since  the  areas  recorded 
in  the  land-registers  were  known  to  be  incorrect,  partly  on  account  of 
clerical  and  other  errors,  and  partly  on  account  of  the  ancient 
method  of  computing  areas,  which  was  everywhere  still  in  use; 
moreover,  the  boundaries  of  villages  and  village  subdivisions  were 
uncertain  and  ill-defined,  and  the  same  subdivision  frequently  contained 
land  of  widely  varying  qualities.  To  impose  the  tax  fairly  under  these 
conditions  would  have  entailed  assessing  each  plot,  an  impracticable 
task  in  a  country  where  the  land  is  so  highly  subdivided  as  in 
Egypt  as  may  be  seen  from  the  statistics  given  at  the  end  of  this 
chapter  ;  it  was  therefore  necessary  to  make  such  new  sub-divisions 
of  from  50  to  100  feddans  that  the  land  within  each  was  of  the 
same  rental  value.  Some  time  would  be  required  to  complete  this 
survey,  and  temporary  relief  to  last  ten  years  was  given  to  all 
"  kharagi "  land  by  reducing  to  one-third  of  the  rental  value  all 
taxes  which  exceeded  this  proportion,  at  an  annual  cost  to  the  state 
of  L.E.  216,000. 

In  June,  1897,  the  re-assessment  of  the  land-tax  on  a  systematic 
plan  had  been  definitely  decided  upon,  and  in  1898  the  Commissioners 
of  the  PubUc  Debt  agreed  to  the  grant  of  a  sum  of  L.E.  216,000  a 
year  for  ten  years  in  order  to  enable  the  Government  to  reduce  all 
land-tax  which  was  above  the  rate  of  L.E.  1-640  per  feddan  to  that 


•  A.  T.  MACKir,LOp.   "Note  on  the  Readjustment  of  the  Land  Tax  in  Egj-pt" :  Cairo  1907. 
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maximum  rate.*  This  period  of  ten  years  was  not  determined  on 
the  basis  of  any  reUable  estimate  of  the  time  necessary  for  carrying 
out  a  cadastral  survey  of  the  six  million  feddans  which  remained 
to  be  mapped,  but  was  arbitrarily  determined.  During  this  period 
the  loss  of  revenue  due  to  the  reduction  of  excessive  rates  of  tax 
would  be  made  up  to  the  Government  from  the  reserve  funds  but  at  the 
end  of  the  ten  years  the  re-assessment  of  the  land-tax  was  to  be  com- 
pleted and  the  revenue  secured  by  a  more  even  distribution  of  it.  This 
rigid  time-limit  necessitated  a  much  more  rapid  rate  of  work  than 
had  previously  been  attained,  for  during  the  five  years  1892-1896 
only  about  1,500,000  feddans  had  been  surveyed  and  the  work  had 
been  carried  out  in  a  much  simpler  and  more  elementary  manner  than 
was  now  necessary.  Besides  the  limit  of  ten  years  for  the  period 
during  which  the  remitted  land-tax  would  be  made  up  from  the 
reserve  funds,  another  restriction  was  imposed  on  the  Survey  by  the 
instructions  which  were  issued  for  the  re-assessment  of  the  land-tax. 
It  was  ordered  that  the  re-assessment  should  be  completed  in  every 
village  of  a  province,  and  the  final  rates  of  tax  for  each  "  hod  "  pub- 
lished before  the  Slst  of  December,  and  that  if  any  village  was  not 
complete  by  that  date  the  new  rates  of  tax  for  the  whole  province 
would  be  postponed  for  a  year.  If  the  maps  and  land-registers  were 
forwarded  to  the  Ministry  of  Finance  in  time  for  the  Re-assessment 
Commissions  to  give  the  statutory  notice,  to  examine  the  land  and 
assess  the  rates  of  tax,  to  investigate  complaints  received  after  the 
proposed  new  rates  had  been  notified,  and  lastly  for  the  Ministry  of 
Finance  to  approve  and  publish  the^^new  rates  before  [the  end  of  the 
year,  then  these  new  rates  would  come  into  force  on  the  1st  of  January 
five  years  after  this  publication  of  the  new  rates. 

The  dates  on  which  the  revised  rates  come  into  force  are : — 


Province. 


Year, 


Beheira  and  Sharqia 
Giza  and  Menufia 
Menufia  and  Fayuni 

Qaliubia   

Daqahlia   

Qeiiu  and  Aswan 
Girga  and  As.siut 
Minia  and  Beni  Sue£ 


1905 
11)06 
1907 
1908 
1909 
1910 
1911 
1912 


•  Cf.  Decree  of  November  2fi,  1898 


In  1897  the  new  system,  which  had  been  developed  during  1896, 
was  working  regularly,  and  362,660  feddans  were  surveyed  in  ten 
months,  the  year's  total  being  probably  rather  over  400,000  feddans, 
of  this  the  land-registers  for  246,000  feddans  were  sent  to  the  Settlement 
branch  by  the  end  of  the  year.  In  order  to  prepare  for  the  re-assess- 
ment it  was  necessary  to  complete  the  work  of  this  branch  as  quickly 
as  possible  in  the  provinces  of  Beheira  and  Sharqia  and  to  expedite  it 
27  surveyors  were  transferred  to  the  Settlement  branch  in  this  year,  so 
that  only  150  remained  available  for  completing  the  remaining  villages 
of  these  provinces  and  pushing  on  the  survey  of  Gharbia.  At  this  time 
the  out-turn  per  surveyor  was  estimated  to  be  3,000  feddans  per 
annum,  and  the  opinion  was  expressed  that  this  might  be  increased 
to  4,000  feddans.  At  the  end  of  October  there  still  remained  eight 
villages  in  Sharqia  province  which  were  to  be  completed  by  the  end 
of  the  year ;  in  Beheira  province  twenty-five  villages  had  not  even 
been  commenced,  and  eight  were  still  under  survey,  but  the  completion 
of  the  whole  of  these  thirty-five  villages  in  the  field  was  anticipated  by 
the  end  of  February,  1898.  The  land-registers  of  a  hundred  and  fifty- 
two  villages  were  also  in  course  of  compilation.  In  Gharbia  900,000 
feddans  besides  a  considerable  area  of  waste  or  marshy  land  in  the 
northern  part  of  the  province  still  remained  to  be  measured,  and  one 
and  a  half  years  were  estimated  to  be  necessary  in  order  to  complete 
it  with  the  whole  of  the  available  staff,  which  at  this  time  included 
51  engineers,  143  surveyors,  23  draughtsmen  and  computers,  and  7 
clerks.  The  theodolite  traverse  had  been  commenced  in  Giza  province 
at  the  end  of  November,  and  there,  use  was  made  of  the  triangulation 
which  had  been  prepared  by  the  hydrographical  survey  (see  Chap.  VIII). 
As  the  primary  object  of  the  survey  was  now  to  provide  a  reliable  basis 
for  the  re-assessment  of  the  land-tax,  every  holding  had  if  possible  to  be 
shown  on  the  maps ;  thus  the  survey  became  to  all  intents  a  cadas- 
tral one,  and  it  was  necessary  to  bring  the  work  as  quickly  as  possible 
up  to  the  standard  of  such  surveys.  The  immediate  result  of  this 
arrangement  was  to  increase  the  importance  of  rapid  work  while 
accuracy  had  at  the  same  time  to  be  safeguarded ;  the  various  ex- 
pedients which  were  adopted  to  obtain  this  result  are  described  in  the 
following  chapters. 

The  Chief  Inspector,  who  had  come  from  the  Revenue  Survey  of 
India  in  1896,  returned  to  that  country  in  the  autumn  of  1897,  having 
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initiated  the  theodolite  traversing,  the  plotting  of  holdings  in  the  field, 
the  calculation  of  the  area  of  each  holding  from  the  map  sheets,  and 
the  compilation  of  the  land-registers  on  the  new  forms. 

Though  the  yearly  out-turn  had  been  greatly  increased  by  the 
separation  of  the  work  into  the  Technical  and  Settlement  branches, 
this  arrangement  tended  to  produce  some  delay  and  overlapping,  so 
that  a  decision  of  the  Council  of  Ministers  dated  June  8,  1898  ordered 
that  the  whole  should  be  put  on  a  wider  basis  by  forming  a  Survey 
Department  in  which  the  triangulation,  the  revenue  survey,  and  the 
reproduction  of  maps  could  be  carried  on  in  closer  relation  one  to 
another,  so  that  the  work  of  each  could  be  more  easily  planned  so  as  to 
increase  both  the  amount  and  the  accuracy  of  the  village  survey. 

The  triangulation  could  now  be  prepared  in  advance  of  the  detail 
survey,  and  of  such  accuracy  as  to  furnish  an  effective  control  of  it. 
Giza  province  had  already  been  triangulated  by  the  hydrographical 
survey  and  most  of  the  theodolite  traverse  work  there  had  been  done; 
the  chain  survey  was  on  the  point  of  being  commenced  so  that 
there  was  no  time  to  revise  any  of  this  work  or  to  check  it  in 
any  elaborate  manner.  As  already  explained  *  the  weakest  points 
of  the  system  employed  by  tha  hydjographical  survey  were  the 
measurement  of  bases  without  any  correction  being  introduced  for 
temperature  or  for  the  error  in  the  length  of  the  steel  band,  the 
computation  of  observations  by  the  observers,  and  the  employment 
of  magnetic  azimuths. 

The  province  of  Giza  contained  nearly  250,000  feddans  of  cultivated 
lands  which  had  to  be  surveyed  as  rapidly  as  possible  on  a  scale  of 
1  :  4,000  in  order  that  the  land-tax  might  be  re-assessed  in  1900,  so 
that  it  was  necessary  to  utilize  at  once  the  triangulation  which  had 
been  prepared,  although  its  accuracy  was  not  quite  up  to  the  standard 
requisite  to  control  a  chain  survey  which  would  be  plotted  on  the  above 
scale.  In  these  circumstances,  the  best  that  could  be  done  was  to 
re-measure  two  sides  of  the  triangulation  network  (one  at  Matania  and 
another  at  Badreshein),  to  determine  the  azimuth  of  one  side,  and, 
from  these  data,  to  deduce  the  position  of  the  triangulation  points  to 
which  the  traverse  lines  were  joined  and  by  which  they  were  to  be 
controlled.  Subsequently,  when  the  survey  of  Upper  Egypt  had  been 
completed,  the  chain  of  second  order  triangles  which  was  carried 
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through  this  province  showed  that  points  near  Giza  were  correctly 
placed  within  three  or  four  metres,  while  those  of  the  extreme  north 
or  south  of  the  province  were  from  sixty  to  eighty  metres  out  of 
position.  This  error  mainly  affected  the  geographical  position  of  the 
points  and  did  not  introduce  any  error  into  the  areas  of  properties 
approaching  the  magnitude  of  ordinary  errors  of  chain  measurement. 

1898. 

During  this  year,  the  province  of  Gharbia,  with  the  exception  of  the 
districts  of  Talkha  and  Sherbin  in  the  north-east  and  Fua  in  the  north- 
west, was  surveyed  in  detail  and  the  maps  and  land-registers  were 
transmitted  to  the  Settlement  branch  for  completion.  In  Giza 
province  also,  a  few  villages  were  begun.  By  the  end  of  the  year, 
948,000  feddans  had  been  completed,  being  more  than  double  the 
amount  completed  in  1897.  This  increase  of  work  was  partly  due 
to  an  increased  staff,  but  also  to  the  work  having  been  pushed  on  at 
high  pressure.  This  is  at  all  times  a  dangerous  practice,  and,  where 
there  is  no  efficient  control,  such  as  an  accurate  triangulation  furnishes, 
errors  accumulate  rapidly  ;  the  present  case  proved  to  be  no  exception 
to  this  and  the  points  fixed  by  the  theodolite  traverses  were  only  a 
partial  check,  not  being  themselves  corrected  by  a  triangulation  of  high 
accuracy.  There  were  also  too  few  points  fixed  by  the  traverse  per 
square  kilometre  for  the  character  of  the  land  which  was  highly  sub- 
divided, and  the  traverse  lines  were  placed  further  apart  than  was 
prudent,  in  order  to  increase  the  rapidity  of  the  work. 

The  last  two  villages  of  Sharqia  province  were  finished  this  year 
and  only  three  villages  of  Beheira  province  remained  to  be  completed 
in  1899. 

In  1898,  authority  was  given  to  supply  the  public  with  copies  of 
the  maps  on  repayment,  and  this  was  done  from  the  beginning  of 
1899,  tracings  of  the  villages  in  Sharqia  and  Beheira  provinces  being 
made,  and  also  of  those  in  Gharbia  province  until  these  latter  were 
printed  in  the  years  1899  to  1903. 

1899. 

In  this  year  triangulation  was  commenced  in  the  Fayum  and  a 
network  of  major  triangulation  consisting  of  81  triangles  having  sides 
from  8  to  10  kilometres  in  length,  was  completed  by  the  autumn. 


The  minor  triangulation  consisted  of  330  triangles,  the  mean  distance 
between  points  being  3,000  metres.  A  base  was  measured  near  the 
railway  line  at  Sella  in  the  east  of  the  Fayum  with  a  100- metre  steel- 
tape,  since  no  more  accurate  base- measuring  apparatus  was  yet  avail- 
able. 

The  detail  survey  of  Gharbia  was  completed,  the  greater  part  of 
Giza  province  was  also  done,  and  two  districts,  Ashmun  and  Tala,  in 
Menufia  province,  were  commenced.  The  total  area  completed  was 
363,265  feddans,  but  little  more  than  a  third  of  that  done  in  1898, 
this  being  due  to  a  change  in  the  procedure  of  preparing  the  land- 
registers  which  was  introduced.  Since  1896,  the  map  and  its  detailed 
index  (the  Daftar  el  Messaha)  had  been  sent  to  the  Settlement  branch 
in  order  that  the  second  part  known  as  the  Mizzania,  in  which  all  the 
plots  belonging  to  each  proprietor  were  collected  under  his  name, 
should  be  compiled,  though  until  then  it  had  been  done  as  a  part  of 
the  field  record  work.  This  was  now  re-transferred  from  the  Settle- 
ment branch  to  the  Survey  Department,  so  that  from  June  1,  1899, 
the  whole  work  of  land-measurement,  the  preparation  of  the  land- 
registers  and  the  comparison  of  the  results  with  previous  registers 
came  under  a  single  direction,  and  the  maps  and  registers  were  trans- 
mitted together  to  the  Ministry  of  Finance  for  approval  and  forwarding 
to  the  Mudiria  office  where  new  tax-registers  (Mukallifa)  were  prepared 
on  the  basis  of  the  new  land-registers.* 

This  change  greatly  increased  the  amount  of  work  to  be  done  in 
order  to  complete  the  registers  of  each  village,  but  made  the  detection 
of  mistakes  much  easier  since  the  final  area  found  in  the  possession  of 
each  proprietor  could  be  compared  with  that  previously  inscribed  in 
his  name  and  any  considerable  differences  inquired  into. 

Not  only  was  this  additional  work  undertaken,  but  the  maps  and 
registers  of  326  villages,  which  the  Settlement  branch  had  not  been 
able  to  finish,  needed  revision  and  completion ;  since  in  Egypt, 
where  small  plots  and  fractions  of  plots  are  constantly  changing 
hands,  the  revision  of  a  village  register  after  one  or  two  years  entails 
a  large  amount  of  alteration.  Some  of  these  villages  had  been  sur- 
veyed some  years  before,  so  that  the  amount  of  correction  necessary 
was  very  considerable.    The  total  area  which  had  thus  to  be  revised 
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was  788,253  feddans  situated  in  326  villages  which  had  been  surveyed 
at  various  times  from  1895  to  1899. 

Work  in  Menufia  province  was  to  a  large  extent  suspended  in  order 
that  this  revision  might  be  carried  out  as  rapidly  as  possible,  for  the 
Re-assessment  Commissions  were  proceeding  with  their  work  in  Sharqia 
and  Beheira  provinces,  and  required  the  maps  and  registers  of  Gharbia 
and  Giza  before  1901.  This  threw  a  very  heavy  burden  on  the  Depart- 
ment, which  had  only  just  been  formed  and  was  endeavouring  to  pro- 
vide an  efficient  triangulation  to  control  the  field  measurements ; 
about  double  the  area  already  measured  remained  to  be  surveyed 
besides  that  which  needed  revision,  and  the  work  of  re-assessment 
was  already  in  hand.  The  total  area  surveyed  up  to  December  31, 
1899,  amounted  to  2,589,000  feddans,  while  the  total  estimated  area 
of  cultivable  land  in  Egypt  was  7,390,000  ;  the  area  still  to  be  surveyed 
was  therefore  about  4,801,000  feddans.  The  work  of  revising  the 
maps  and  registers  which  had  been  prepared  in  the  previous  years, 
and  which  had  become  out  of  date,  makes  it  very  difficult  to  arrive 
at  any  accurate  estimate  of  the  cost  of  the  work  at  this  time,  and  in 
1899  an  average  of  the  time  taken  to  survey  and  prepare  the  registers 
for  a  given  area  can  alone  be  determined  which,  however,  probably 
represents  fairly  the  rate  of  work  as  a  whole  apart  from  revision. 

Taking  100  feddans  as  a  unit  for  purpose  of  comparison,  the  field 
survey  and  preparation  of  maps  occupied  3-64  days  at  this  time,  while 
the  computation  and  writing  of  the  land-registers  took  8*18  days, 
making  up  a  total  of  11*82  days;  by  the  end  of  the  year  changes  in  the 
methods  and  procedure  had  reduced  this  total  to  11  days,  but  even 
this  rate  was  too  slow  to  keep  in  advance  of  the  re-assessment  com- 
missions and  to  finish  the  survey  of  the  country  within  the  period  of 
ten  years  which  had  been  laid  down. 

With  these  changes  in  procedure  some  other  modifications  were 
introduced  which  were  incorporated  in  the  order  of  the  Ministry  of 
Finance,  dated  April  13,  1899  (see  Appendix  I). 

In  this  year  for  the  first  time  the  chain  survey  was  being  carried  out 
in  a  district  where  triangulation  was  available  as  a  control ;  for  the  pro- 
vince of  Giza  had  been  triangulated  by  the  staff  of  the  hydrographical 
survey  during  1897.  The  advantage  was  at  once  apparent,  although 
at  the  approximate  methods  of  the  triangulation  already  alluded 
to  made  it  impossible  in  some  cases  where  discrepancies  were  found 
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to  decide  whether  the  triangulation  or  the  traverse  work  was  in 
fault. 

With  the  introduction  of  greater  precision  into  the  work,  greater 
difficulty  was  experienced  in  accurately  representing  the  smaller 
holdings.  It  will  be  remembered  that  this  was  also  the  experience  of 
the  cadastral  surveyors  of  1880,  since,  even  when  working  on  the  scale 
of  1  :  2,000,  they  plotted  the  small  plots  to  a  larger  scale  (p.  86). 
It  was  decided  in  consequence  to  change  the  scale  for  the  cadastral 
maps  from  1  :  4,000  to  1  :  2,500,  thus  rendering  it  easier  to  show  the 
smaller  holdings,  which  are  not  uncommonly  about  5  metres  wide 
only  (see  p.  30).  The  following  table  shows  the  size  of  the  different 
units  of  land  area  as  represented  on  cadastral  maps  of  the  two  scales 
and  demonstrates  the  advantage  which  was  obtained  by  using  the 
larger  scale : — 


Area  in  sqiiare  metres. 

Square  mil 

imetres  on  the  scale  of 

Unit. 

1 :  4,00!) 

1 :  2,50(t* 

1  Feddan  

1  Qirat  

1  Sahm  

4,200 -.3.33 
175-035 
7-293 

25(5-1 
10-9 
0-49 

657-1 
28-0 
1-17 

The  change  made  the  maps  more  convenient  and  useful,  but  the 
work  of  both  the  surveyors  and  the  staff  of  the  Keproduction  office 
was  largely  increased,  since  an  area  being  represented  by  about 
2J  times  as  large  a  map  surface,  increased  to  this  extent  the  number 
of  map  sheets  to  be  plotted,  drawn,  and  reproduced.  It  would  hardly 
have  been  practicable  to  do  this  with  the  staff  available  unless  the 
work  of  plotting  the  traverse  points  had  been  greatly  simplified  and 
expedited  by  using  the  co-ordinatograph.  f 

The  scale  of  1 :  4,000  had  originally  been  introduced  in  1886  when  the 
area  of  holdings  was  computed  by  mensuration  (see  p.  90),  but  now 
graphical  methods  were  again  in  use  and  this  scale,  which  is  employed 
by  the  Revenue  Survey  of  India,  was  too  small  for  so  highly  subdivided 
a  country  as  Egypt.    The  new  scale,  1  :  2,500,  is  frequently  employed 
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for  cadastral  maps  of  agricultural  land  in  Europe,  and  is  in  use  in  Eng- 
land, where,  however,  the  map  is  a  topographical  one  and  is  not  used 
with  a  property  register.  * 

The  printing  of  the  village  maps  of  Giza  province  was  now  com- 
menced and  thirty  villages  were  published  by  the  end  of  the  year. 
Triangulation  was  not  yet  far  enough  advanced,  nor  was  it  sufficiently 
well  connected  to  the  "  Venus  Station,"  which  is  the  fundamental 
longitude  point  on  the  Moqattam  Hill  near  Cairo,  to  plot  the  sheets 
so  as  to  form  a  continuous  map,  so  that  the  group  of  sheets  containing 
the  lands  of  each  village  had  to  be  printed  separately  as  is  done  in 
the  Kevenue  Survey  of  India. 

1900. 

,  I  In  this  year  the  major  triangulation  was  carried  on  in  Daqahlia  and 
Qaliubia  provinces  and  the  minor  triangulation  was  completed  in  the 
Fayum  and  commenced  in  the  other  provinces. 

The  detail  survey  was  completed  in  the  districts  of  Fua  and  Sherbin 
in  Gharbia  province,  in  the  Ashmun  district  of  Menufia  province,  and 
in  all  the  districts  of  Giza  province  with  the  exception  of  six  villages 
of  Saff  district ;  these  had  not  been  cultivated  after  the  flood  of  1899 
which  had  been  exceptionally  low,  for  the  land  in  these  villages  is 
higher  than  the  average  and  consequently  remains  unwatered  in 
years  of  low  flood ;  it  cannot  then  be  cultivated  and  under  such 
conditions  the  surveyors  have  no  means  of  finding  the  boundaries 
of  plots. 

In  all,  449,540  feddans  were  mapped  and  the  land-registers  for 
972,214  feddans  were  compiled  ;  546,000  feddans  of  this  latter  number 
represented  the  remainder  of  the  villages  which  had  been  received  in 
the  previous  year  for  revision.  In  order  to  enable  the  survey  to  be 
carried  out  at  a  more  rapid  rate,  another  (fifth)  inspectorate  was 
authorized,  and  was  formed  by  the  end  of  the  year. 

Reorganization  had  by  this  time  begun  to  show  improved  results 
and  the  average  time  taken  in  surveying  and  compiling  registers  was 
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materially  reduced  for  an  area  of  100  feddans,  as  will  be  seen  from 
the  following  table  : — 


1899. 

190(). 

Field  survey  and  preparation  ot'  iiiiii)s   

("onipilin<r  and  writing  I'egisters  

;5-i;i 
s-is 

l'-7() 
•i-7(l 

11 -.s^ 

1901. 

By  1901,  the  work  of  the  cadastral  survey  had  become  more  systema- 
tized since  the  revision  of  the  800,000  feddans  in  Gharbia  province  had 
been  completed,  and  triangulation  had  been  carried  sufficiently  forward 
to  be  used  as  the  basis  and  control  of  all  field  measurements  in  future 
work.  All  work  now  passed  in  one  stage  or  another  through  the 
Computation  office  to  ensure  independent  mathematical  control,  and 
such  work  as  was  not  up  to  the  specified  standard  of  accuracy 
was  returned  to  be  reobserved.  Menufia  was  the  last  province 
surveyed  on  the  basis  of  theodolite  traverses  only  and  without 
triangulation ;  both  this  province  and  the  Fayum  were  due  for  the 
re-assessment  of  their  land-tax  in  1902  and  there  was  not  time  to  trian- 
gulate and  survey  them  both  before  that  date,  so  that  it  was  preferable 
to  devote  the  time  to  completing  that  of  the  Fayum  and  then  com- 
mencing work  in  the  next  province  which  would  be  taken  up  in 
survey.  The  major  or  second  order  triangulation  of  Daqahlia  and 
Qaliubia  was  finished  by  the  autumn  and  observations  were  then 
commenced  in  Qena  and  Girga  provinces  in  Upper  Egypt. 

This  abrupt  movement  from  one  end  of  Egypt  to  the  other  was  ex- 
tremely inconvenient  from  a  surveyor's  point  of  view,  but  was  rendered 
necessary  by  the  decision  to  build  the  Aswan  Dam  in  order  to  form  a 
reservoir  in  the  Nubian  portion  of  the  Nile  Valley  where  water  could  be 
stored  to  supplement  the  low-stage  supply  of  the  Nile.  When  the 
provinces  of  Daqahlia  and  Qaliubia  had  been  finished,  those  of  Beni- 
Suef  and  Minia  would  naturally  have  been  the  next  to  be  undertaken,  and 
triangulation  would  then  have  been  conveniently  extended  southwards 
along  the  Nile  Valley  ;  but  these  two  provinces  and  the  northern  part 


—  i;5;i  — 


of  Assiut  province  were  those  in  which  the  irrigation  engineers  were 
enabled  by  the  Aswan  Reservoir  to  replace  the  basin  irrigation  by 
perennial  irrigation,  thus  enabling  the  land-owners  to  raise  two  or 
two  and  a  half  crops  annually  instead  of  one.  This  not  only  necessi- 
tated the  expropriation  of  large  quantities  of  land  for  canals  and  drains 
but  changed  the  method  of  cultivation  and  greatly  increased  the  value 
of  the  land.  Consequently,  it  was  very  desirable  that  these  changes 
should  take  place  before  the  land-tax  was  re-assessed.  The  second 
order  triangulation  was  therefore  commenced  in  Qena,  Aswan,  and 
Girga  provinces,  a  point  at  Luxor  being  taken  as  a  point  of  depar- 
ture since  its  latitude  and  longitude  had  been  determined  by  the 
German  Transit  of  Venus  Expedition  in  1874  (under  Professor  Auwers). 
All  triangulation  points  in  Upper  Egypt  were  therefore  referred  to  it 
until  the  chain  of  quadrilaterals  could  be  carried  down  the  valley  to 
join  the  triangulation  of  that  part  of  the  Delta  which  had  been  already 
completed. 

1902. 

Base-lines  were  measured  in  this  year  at  Gebelein  in  Luxor  district, 
and  at  Ambir  in  Nag  Hamadi  district,  and  the  greater  part  of  the 
major  triangulation  in  Qena  and  Girga  provinces  was  completed,  while 
the  minor  triangulation  was  finished  in  Daqahlia  and  Qaliubia  and  a 
good  deal  of  it  was  done  in  Upper  Egypt. 

With  considerable  difficulty  the  chain  survey  and  the  land-registers 
of  the  Fayum  and  Menufia  were  ready  for  the  Re-assessment  Commis- 
sions by  the  summer,  since  the  land  in  these  provinces  is  very  much 
subdivided  and  the  removal  of  survey  marks  went  on  incessantly.  In 
Qaliubia  and  Daqahlia,  work  went  better  and  more  quickly  since  fewer 
marks  were  removed ;  the  triangulation  was  reliable  and  was  completed 
in  time  to  be  utilized  for  the  control  of  the  theodolite  traverses. 

In  this  year,  as  all  the  provinces  which  were  taken  up  had  been 
properly  triangulated,  and  as  the  methods  of  work  had  been  definitely 
laid  down,  it  became  possible  to  publish  all  maps  on  a  definite  projec- 
tion and  as  parts  of  a  single  scheme  ;  each  printed  sheet  therefore  was 
henceforth  full  of  detail  and  joined  to  the  next  sheets  along  each  of 
its  margins,  whereas  hitherto  the  map  of  each  village  had  been  printed 
as  a  separate  group  of  sheets.  This  entailed  a  slight  delay  in  publi- 
cation, since  a  sheet  frequently  contained  portions  of  two  or  three 
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villages  and  therefore  could  not  be  published  until  all  these  villages 
had  been  completed  in  the  field  ;  on  the  other  hand,  the  method  was 
of  great  assistance  in  assuring  the  accuracy  of  the  boundaries  common 
to  two  villages,  besides  greatly  facilitating  the  use  of  the  maps  for 
expropriation  and  for  engineering  work. 

1903. 

In  1903,  the  second  order  triangulation  was  completed  from  Dakka 
in  Nubia  to  the  north  of  Girga  province,  and  to  the  south  of  Dakka  a 
chain  of  minor  triangulation  was  extended  to  Wadi  Haifa  where  the 
Nile  Valley  is  very  narrow ;  the  administrative  boundary  between 
Egypt  and  the  Sudan  is  situated  at  the  north  end  of  the  village  of  Faras, 
but  triangulation  was  continued  southwards  to  Wadi  Haifa  in  order 
to  join  that  of  the  Sudan.  About  half  the  third  order  triangulation 
in  Qena  and  Girga  provinces  was  completed,  besides  the  whole  of  that 
of  Aswan  province,  and  three  bases  were  also  measured.  Work  was 
considerably  delayed  by  the  Nile  flood  since  in  Upper  Egypt  the 
flood-plains  are  submerged  by  the  inundation  at  the  end  of  August  and 
are  not  dry  until  the  end  of  November,  three  months'  field  work  being 
thereby  lost. 

The  cadastral  maps  of  Qaliubia  and  Daqahlia  were  completed. 
1904. 

The  triangulation  by  the  end  of  this  year  had  been  completed 
southwards  as  far  as  Wadi  Haifa,  and  had  moreover  been  carried 
through  the  provinces  of  Assiut,  Minia  and  Beni-Suef,  thus  joining  the 
triangulation  of  the  Fayum  which  had  been  observed  in  1899. 

The  lands  of  Aswan,  Qena  and  Girga  provinces  are  inundated  annually 
by  the  flood  water  of  the  Nile  in  August  and  September,  after  which 
some  further  time  must  elapse  before  they  are  sufficiently  dry  for  pro- 
perties to  be  marked  out,  crops  to  be  sown,  and  land  measurement 
begun,  the  field-work  of  the  survey  had  to  be  done  and  complaints 
investigated  during  the  period  December  to  July.  It  was  therefore 
necessary  to  form  an  additional  inspectorate — the  sixth — of  twenty-six 
surveyors  to  increase  the  area  surveyed  during  the  eight  months  when 
work  was  practicable,  in  order  that  the  original  programme  of  work 
might  be  maintained.    By  the  end  of  the  year,  the  provinces  of  Aswan 
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and  Qena  were  finished  and  about  one-third  of  that  of  Girga  was 
surveyed. 

Such  was  the  pressure  of  work  in  the  early  part  of  1904  that  trian- 
gulation  of  both  second  and  third  order,  theodolite  traverse  and  chain 
survey  were  all  in  progress  within  a  distance  of  some  30  or  40  kilo- 
metres, a  state  of  affairs  produced  by  the  sudden  transfer  of  work  to 
Upper  Egypt. 

1905. 

It  was  now  possible  to  connect  the  triangulation  of  Upper  Egypt 
which  was  based  on  the  latitude  and  longitude  of  the  point  in  Luxor 
that  Professor  Auwers  had  determined  in  1874,  with  that  of  Lower 
Egypt  which  had  been  observed  in  the  provinces  of  Qaliubia  and 
Daqahlia  in  1900  and  1901.  This  was  done  in  March,  1905,  along 
the  line  from  the  Great  Pyramid  at  Giza  to  the  Transit  of  Venus 
Station  on  the  Moqattam  Hill,  when  the  following  errors  of  closure 
were  found  : — * 

Error  of  closure  in  latitude  +  4" '12 
Error  of  closure  in  longitude  —  11' '72 

The  whole  network  of  triangulation  could  now  be  made  consistent  and 
it  was  for  the  first  time  possible  to  prepare  a  map  of  Egypt  based  on  a 
continuous  and  reliable  triangulation  extending  from  Wadi  Haifa  to 
the  Mediterranean.  This  was  at  once  put  in  hand  on  the  scale  of 
1  :  50,000,  and,  up  to  the  present  time  all  the  145  sheets  have  been 
pubUshed  except  some  twenty  containing  the  western  portion  of  the 
Delta,  which  is  being  re-surveyed.  After  this  connection  had  been 
made,  the  triangulation  was  carried  into  Sharqia  province  which  was 
to  be  re-surveyed,  as  the  former  survey  of  1892-1896  was  found  to  be 
inadequate,  although  with  no  little  trouble  the  land-tax  had  been  re- 
assessed with  its  aid.  Now,  however,  in  1905  the  Legislative  Council 
on  the  proposition  of  its  members  from  Sharqia  province,  requested 
the  Government  to  re-survey  it  in  the  same  way  as  was  being  done  in 
Upper  Egypt.  In  the  cadastral  work  the  province  of  Girga  was  finished 
as  well  as  that  of  Assiut,  and  the  province  of  Minia  was  commenced. 


*  For  a  further  discussion  of  these  differences  and  the  method  of  dealing  with  them,  see 
Chapter  XV. 


1906 


The  triangulation  of  Sharqia  province  was  completed,  and  prepara- 
tions were  made  to  extend  it  over  Menufia  province  into  Beheira. 

The  provinces  of  Minia  and  Beni  Suef  were  completed  by  the  cadas- 
tral survey  except  for  some  villages  which  had  to  be  finally  revised 
after  the  flood  waters  had  receded  and  the  land  had  become  dry  enough 
to  work  upon. 

1907. 

The  triangulation  of  Menufia  and  Beheira  provinces  was  completed 
and  the  staff  were  able  at  the  end  of  this  year  to  move  into  Gharbia, 
the  only  province  in  which  there  is  no  second  order  triangulation  as 
yet,  but  here,  too,  it  will  have  been  completed  by  the  end  of  1908. 

The  remaining  villages  of  Beni  Suef  were  completed  in  the  early 
months  of  the  year,  and,  by  the  end  of  June,  the  maps  and  registers 
were  transmitted  to  the  Ministry  of  Finance,  thus  completing  the 
cadastral  survey  of  the  whole  country  in  exactly  ten  years  from  the 
date  on  which  the  Survey  Department  had  been  formed. 

Taking,  then,  the  period  from  the  beginning  of  1899  to  the  end  of 
1906,  an  area  of  four  million  feddans  has  been  surveyed,  as  well  as 
another  million  feddans  in  Gharbia,  of  which  the  revision  and  bringing 
up  to  date  of  both  maps  and  land-registers  amounted  to  almost  as  much 
work  as  a  new  survey.  Nearly  five  million  feddans,  therefore,  or  about 
20,000  square  kilometres,  have  been  mapped  on  the  scale  of  1 :  2,500, 
and  the  holdings  separately  measured  and  recorded  in  the  course  of 
eight  years,  besides  compiling  the  land-registers  for  the  same  area  and 
printing  and  publishing  the  maps.  The  following  table  shows  the  areas 
surveyed,  the  scale  of  the  maps,  and  the  number  of  sheets  published. 
At  first  the  scale  used  was  1  :  4,000,  as  in  Revenue  Survey  of  India, 
but  the  extreme  subdivision  of  the  land  into  small  holdings  of  which 
on  the  average  40  per  cent,  are  under  half  a  feddan,  and  50  per  cent, 
more  are  between  this  and  five  feddans,  necessitated  the  employment 
of  a  larger  scale,  so  1  :  2,500  was  adopted. 
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X  1  (J  VI IH .(?, 

Area 
ffddans. 

Scale 
of  maps. 

No.  of 
sheets. 

Period 
of  Survey 

Sharqia  *   

892,512 

1 :  2,500 

2,840 

1906-1908 

Triangulation. 

Sharqia   

814,442 

1 :  4,000 

1 892-1899 

No  trian^rulation. 

oeneii'a   

1,087,001 

)» 

1893-1900 

» 

(Tfiarbia   

l,5(),5,2.il 

>) 

2.375 

1897-1901 

]\roinifi«i  t 

;J74,223 

1  1 :  4,000 
(  1:  2,500 

18'l8-190^ 

i> 

Giza   

244,883 

1 :  4,000 

244 

1898-1901 

Trian^rulatioii. 

Fayum   

412,1)83 

1 :  2,500 

2,287 

1900-1902 

u 

Qaliubia   

220,620 

777 

1902-1903 

Daqahlia   

627,331 

ft 

2,232 

1902-1903 

9) 

Qena   

401,282 

9J 

1,575 

1903-1904 

)» 

Aswan  

134,001 

»» 

1,073 

1904 

»» 

Girga  

355,080 

»» 

1,302 

1904-1905 

») 

Assiut  

473,864 

J> 

1,696 

1904-1905 

>» 

Minia  

463,579 

»» 

1,627 

1905-1906 

» 

Beni  Suof   

252,440 

»» 

850 

1905-1907 

The  total  number  of  map-sheets  printed  is  therefore  : — ■ 

Map-sheets  on  scale  1 :  4,000    3,611 

Map-sheets  on  scale  1 :  2,500    17,964 

Total   21,575 

Estimated  number  of  sheets  of  Beheira  and  Sharqia, 

to  be  printed,  scale  1 :  2,500    3,200 

Grand  total   24,775 

As  a  result  of  this  survey  the  area  of  the  cultivable  lands  is  now 
known  with  much  greater  accuracy  than  hitherto ;  some  waste  lands 
are  of  course  included,  but  in  most  cases  they  are  considered  to  be 
reclaimable  sooner  or  later.  The  areas  of  both  districts  and  provinces 
are  given  in  the  following  tables  in  which  public  and  private  lands, 


•  Maps  were  not  printed  until  these  provinces  were  re-surveyed  In  1907-9. 
t  Aslininn  <llstri(  t  was  surveyed  on  1 :  4.fiOO,  the  other  districts  on  1 :  2..">0n. 
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village  sites,  and  state  lands  are  included,  but  the  Nile  and  the 
lakes  of  the  Delta  and  the  Fayum  are  not : — 


Province. 

Districts. 

Area  in  Feddans 

of  District. 

of  Province. 

Beheira  *   < 

Abu  Hommos  

Damanhur   

Delingat  

Teh  el  Barud  

Ka£r  el  Dawar  

Kom  Hamada  

Shubrakhit   

Rosetta   

259,032 
108,612 
88,524 
74,192 
262,518 
82,369 
65,777 

1 

■  1,087,001 

Gharbia   

I 

Fua  

Dessuq   

Zifta  

El  Borollos   

Tanta  

El  Santa  

Talkha   

Sherbin   

Ka£r  el  Zayat  

Ka£r  el  Sheikh  

Mehalla  el  Kobra  ... 

83,876 
125,536 
60,019 
39,798 
113,243 

111,439 
409,826 
74,912 
349,608 
134,681 

>  X,JDO,A»).l 

J 

Daqahlia   ■{ 

1 
1 

L 

Damietta  

Afra  

^1  lUHIlftllltt   

Mit  Gliamr   

El'Simbellawein  ... 
Dekernes  

57,774 
7l',725 
80,859 
83,341 
128,422 
205,210 

627;-}31 

J 

r 
1 

1 

Sharqia  t   i 

1 

I 

Miniet  el  Qamh 

Belbeis   

El  Zagazig   

Kaf  r  el  Saqr   

Hehia   

Faqus   

78,912 
108,322 
219,169 
142,074 

71,970 
272,065 

1 
j 

y  892,512 

1 

i 

J 

Menufia   j 

Tala  

Ashmun   

Menuf   

Shibin  el  Kom  

Quesna   

79,813 
72,639 
79,1.54 
71,343 
71,274 

1  374,223 

Qaliubia   | 

Dawahi  Masr  

Nawa  

Qaliub   

Tukh  

17,330 
73,048 
56,567 
73,673 

1  220,618 

Giza   1 

Embalm   

El  Giza   

El  SafE   

El  Ayat   

92,059 
49,913 
46,817 
56,094 

1  244,883 

•  From  the  survey  of  1893-1900. 

f  Under  re-survey,  four  villages  unfinished  so  area  may  be  slightly  altered 
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Province. 

Distrk'ts. 

Area  in 

Feddans 

of  District. 

of  Province. 

Fayum   

••■! 

HjI  xayum  

Etsa  

Sennures   

87,239 
181,970 
143,774 

I 

j 

412,983 

Beni  Siief  

...j 

Beni  Suef  

El  Wasta  

Biba  

98,451 
70,205 
83,784 

252,440 

Minia  

... 

r 
. 

Abu  Qunpis   

Belli  Ma/.iir   

El  Faslin  

Magliaglia   

El  Minia  

Sanialut   

57,389 
95,125 

(;3,(;72 

77,780 
75,002 
94,611 

[  463,579 

J 

Assiut   

...  - 

A  1  J.* 

Abutig   

Assiut   

El  Badari  

Deirut   

Abnub   

Mallawi   

Manfalut  

60,124 
55,079 
35,825 
85,326 
63,105 
89,303 
85,102 

473,864 

Girga  

•1 

r 

Akhmim  

Baliana   

Girga   

Soliag   

Tahta  

37,110 
72,782 
83,688 
65,579 
95,921 

355,080 

Qena   

r 
[ 

Dishna   

Esna  

Luxor   

JNag  Mamadi   

Qena  

Qu.s   

09,218 
48,795 
71,131 
94,901 
52,142 
65,005 

)-  401,282 

Aswan  

[ 

Edfu  

Aswan   

ElDcrr   

78,948  * 

28,105 

26,048 

134,001 

Grand  total  

7,383,028 

Throughout  the  country  a  considerable  reduction  of  area  had  taken 
place  owing  to  the  holdings  having  been  correctly  computed  ;  an  even 
larger  area  was  relieved  of  tax  since  many  canals  and  roads  which 
were  really  of  public  utility  had  been  included  in  the  lands  of  private 
landowners  who  had  been  obliged  to  pay  tax  on  them.  On  the  other 
hand  much  new  land  had  been  taken  into  cultivation  as  more  and 


•  Including  Kom  Ombo  30,000  feddans. 
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more  water  became  available.  It  is  not  possible  to  separate  these 
different  causes,  but  the  areas  in  feddans  of  each  province  before  and 
after  survey  can  be  stated : — 


s 

s 

-  14,261 

+  26,021 
+  20,022 

-  3,862 
+  26,161 

-  0,740 

-  11,634 
+  11,852 
+  12,286 

> 
03 

Cj 
rn 

H 

H 

b 
-t; 

Total. 

r-li-l  COCOCOCOOCitHON— 1 
COfO  (MrHOOOO-^t-COOOOOO 

»      crT    1^    *      -jT    cT           c<r    e<r    co"    fo"    i.'s'    rn"  -iT 

to       "M                r-      tM      -+      1-1      i.O      to       1^      'O      O  O 
ift       to                CO      'M                                                     CO  — f  rH 

■c 
c 
o: 

a 
C 

O                                 rH                                  rH        l.O        O        -JC         CO  -tH 

00                         O                         "^l       I'-      CV      CO      CO  CI 
1         1        -o        '         1        to        '         '       CO      l~      to       h-  C-. 

'K                   rH  — :     "O     -t<     -M     -i<  rj 

Public  utility 

22,200 

11,860 

15,156 
23,673 
23,283  ' 
18,607 
21,058 
7,430 

c; 
"S 

rH                              to                              CO        O        rH        l.O        5^1  -X, 

to                       C;  -*COO-*CitO 

1         1       to        1         '       O        '         1       CO              CO               1^  to 
-H                         CI                                   00      O      O      CO  to 
lO                            rH                           1<l       C^       rjl       TO  CO 

to 

» 
o 

b. 

a 
n 

Total. 

1,087,001 
1,456,646 
593,808 
814,442 
.388,484 
214,700 
218,862 
383,961 
256,302 
437,418 
483,604 
.366,714 
.380,430 
01,715 

1 

Govt.  Land. 

— 

58,773 

7,148 

11,020 
34,399 
52,915 
31,152 
19,853 
17,623 

Public  utility 

— 
10,558 

9,857 

6,908 
4,595 
8,383 
14,247 
15,175 
2,950 

Private. 

— 
524,477 

197,704 

238,374 
.308,423 
424,307 
331,315 
354,404 
71,142 

Province. 

Beheira  

Grharbia  

Daqahlia 

Sharqia  

Menufia  

Qaliubia 

Giza   

Fayum  

Beni  Suef 

Minia   

Assiut   

GirjTii   

Qena   

Aswan   

2 

C 
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Cost  op  the  Survey. 

It  is  difficult  to  state  accurately  the  cost  of  the  Cadastre  and 
more  difficult  to  apportion  the  share  of  work  which  not  only  was 
used  for  the  cadastral  survey,  but  also  for  other  classes  of  surveying 
work. 

The  triangulation  formed  the  basis  and  the  control  not  only  of  the 
cadastral  maps,  but  also  of  the  topographical  maps  on  1  :  10,000, 
1  :  50,000  and  other  scales  ;  on  the  other  hand,  a  certain  sum  should 
be  debited  to  the  Cadastre  for  clerical  and  administrative  work  of 
the  central  office  at  headquarters,  which  did  the  same  for  the  other 
branches  of  the  department ;  in  any  case,  this  addition  would  be 
small  and  might  be  safely  put  at  about  L.E.  1,500-2,000  per  annum 
at  the  outside. 

If,  however,  the  cost  of  the  following  classes  of  work  are  included, 
a  very  close  estimate  will  be  obtained  to  the  true  cost  of  the  Cadastre 
up  to  the  end  of  1907,  when  large-scale  maps  of  the  whole  of  the 
cultivable  lands  of  Egypt  had  been  prepared,  and  the  land-registers 
compiled,  while  the  same  had  also  been  done  for  400,000  feddans  in 
Sharqia  province,  which  has  just  been  re-surveyed: — 

(1)  Second  order  triangulation  of  whole  country  except  Gharbia 

province. 

(2)  A  chain  survey  of  the  whole  of  the  cultivable  land  of  Egypt  on 

the  scale  of  1  :  4,000  or  1  :  2,500. 

(3)  The  re-survey  of  400,000  feddans  in  Sharqia  province  on  the  scale 

of  1  :  2,500. 

(4)  Maps  drawn  and  land-registers  prepared  for  the  above  areas. 

All  salaries,  allowances,  transport,  cost  of  instruments,  stores,  and 
the  hire  of  boats  and  offices  are  included,  but  not  the  reproduction 
of  the  cadastral  maps,  for  the  cost  of  this  is  given  separately  in 
Chapter  XVIII, 
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Year. 

Triangulatiuii. 

Cost  of 
coiiipiitatiuii. 

Ti-iversi', 
Cliaiii  survey 
ami  eoiiipilation 
of  registers. 

Totjil. 

1892   

1893   

1894   

189;-)   

1896   

1897   

1898   

1899   

1900   

1901   

1902   

1903   

1904   

1905   

1906   

1907   

Total   

2,300 

  # 

  * 

4,453 
4,928 
5,025 
4,244 
3,547 
4,101 
4,493 

I,.E. 

920 
.  1,205 
2,079 
2,303 
2,325 
2,815 
3,280 
3,442 

I..  E. 

3,;-)00 
11,6;)() 
18.206 
21.872 
22,000 
22,;-)00 
21.300 
26.700 
25,830 
2(5,342 
24,29(5 
2(5.554 
30,627 
3(5.095 
33,913 
38,579 

I..E. 

3,5(X) 
11,6:)() 
18.206 
21,872 
22,0U() 
22,500 
23,(500 
2(5,700 
2(5,7;)0 
33,000 
31,303 
33,882 
3(;'l9(5 
42,457 
41,294 
46,514 

33,091 

18,369 

389,!164 

441,424 

For  this  total  of  L.E,  441,424  the  whole  country  has  been  mapped 
and  land-registers  prepared  ;  a  network  of  second  order  triangulation 
has  been  observed  over  the  whole  country  except  a  part  of  northern 
Gharbia,  which  has  been  reconnoitred  and  marked,  but  was  not 
observed  until  the  end  of  1908  ;  the  third  order  triangulation  has 
been  observed  everywhere  except  in  a  very  small  part  of  Beheira  and 
in  Gharbia ;  on  the  other  hand  400,000  feddans  have  been  traversed 
and  re-surveyed,  and  more  than  half  Beheira  province  has  been 
traversed  in  readiness  for  re-survey  in  1908  and  1909.  The  area 
surveyed  may  be  classified  as  follows  : — 


Feddans. 

Hectares. 

lleported  as  surveyed  up  to  December  31,  1899 

Re-surveyed  in  1900  in  Gharbia  

Surveyed  between  January,  19(X),  and  June,  1907  ... 
Re-surveyed  in  Shaniia  in  1907   

2,589.000 
800;00ft 

4,803,000 
400,000 

1,087,596 
33(5,066 

2,017,(560 
168,033 

8,592,003 

3,609,355 

*  Included  in  cost  of  cliain  survey. 
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The  total  area  surveyed  almost  wholly  without  triangulation  up  to 
the  end  of  1899  was  3,389,000  feddans,  and  the  cost  of  this  amounted 
to  37  milliemes  per  feddan,  or  L.E.  3-700  per  hundred  feddans. 

The  whole  cost  of  the  8,592,000  feddans  which  includes  some  re-sur- 
vey, amounted  to  L.E.  441,424,  which  is  equivalent  to  51  milliemes  per 
feddan,  so  that  the  average  cost  was  about  50  milliemes  per  feddan,  or 
L.E.  5  per  hundred  feddans  including  all  the  cost  of  the  triangulation. 

The  land-tax  in  1907  amounted  to  about  L.E.  5,060,000,  so  that  the 
whole  cost  of  the  survey,  including  triangulation,  amounted  to  about 
9  per  cent  of  a  single  year's  land-tax  at  the  present  time. 

The  statistics  which  have  been  given  furnish  an  idea  of  the  cost  of 
the  work  but  do  not  suffice  for  making  a  comparison  between  the  cost 
of  the  Egyptian  survey  and  those  of  other  countries.  The  rates  of 
pay,  conditions  of  work,  facilities  for  housing,  transport,  communi- 
cation, and  a  number  of  other  factors  enter  so  largely  into  the 
discussion  that  any  attempt  to  compare  them  will  be  of  small  value. 
The  following  tables  give  the  numbers  and  rates  of  pay  of  engineers, 
surveyors  and  computers  in  the  Department  both  Egyptians  and 
Europeans.  In  these  are  included  those  employed  on  third  order 
triangulation,  traverse,  and  chain  survey,  as  well  as  a  few  who 
worked  on  topographical  work  : — 


Number  and  Bates  of  pay  of  Engineeus  in  the  Survey  Department. 


Monthly  rate  of  |>ay. 

1899 

1900 

1901 

1902 

1903 

1901 

I90r, 

190() 

1907 

L.  E. 

Under  4 

4 

3 

2 

3 

1 

1 

4—  8 

27 

28 

25 

29 

35 
1 

39 

38 

54 

55 

43 

•)— 12 

6 

1 

6 

11 

15 

15 

14 

13 

25 

27 

25 
1 

13  -1!) 

1 

1 

1 

1 

2 

1 

3 
2 

1 

1 

3 

3 
1 

9 

20—30 

1 

1 

1 

2 
1 

2 
1 

2 
1 

1 

1 

Total  

37 

2 

37 

2 

3!) 
1 

45 
1 

52 
2 

60 
2 

55 
2 

85 
1 

87 
2 

78 

2 

GrRAND  Total  

3!) 

39 

40 

4C 

54 

62 

bl 

86 

89 

80 

Figures  in  italics  are  Europeans-. 


—  144  — 


Number  and  Kates  of  Pay  of  (Surveyoks  in  the  Survey  Department. 


Monthly  rate  of  pay. 

1898 

1899 

1900 

1901 

1902 

1903 

1901 

1905 

190G 

1907 

L.  E. 

u  iiucr  rt 

xoo 

1  99 

1 1  0 

1  ^9 

90^ 

1S9 

7-1 

4  —  8 

21 

18 

10 

7 

9 

23 

43 

57 

80 

237 

Total  

157 

140 

12iJ 

159 

182 

229 

233 

265 

262 

310 

Number  and  Rates  of 

Pay  of  Computers  in 

THE  Survey  Department. 

Monthly  rate  of  pay. 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

190« 

1907 

L.  K. 

Under  4 

5 

9 

17 

28 

o 

52 

52 

40 

46 

2 

52 
1 

5 

4-  8 

1 

5 

5 

13 

S 

22 

31 

40 
« 

66 

8*5-18 

1 

3 
1 

9 

4 

9 

Total  

5 

'.) 

17 

28 
■3 

57 

tJG 
•3 

65 

3 

79 

7 

96 
9 

73 
13 

Gkand  Total  

5 

y 

17 

31 

(50 

69 

08 

86 

105 

86 

Figures  iu  italics  are  Europeans. 
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Cadastral 


Survey  Statistics  for 


Lower  Egypt. 


Provincb. 


Bbheira  ... 


Gharbia 


i 

AREA. 

Difference 
from  previous 

Number  of  plots. 

03  OD 

Time  of 
survey  in 

Cost  of  survey 
In  L.E. 

District. 

Date  of  survey. 

survey. 

days  iier 
100  Feds. 

per  100  Feds. 

No.  of 

Feddans. 

Hectares. 

Excess 

Deficit 

Total. 

Under 

12 
Qirats. 

Between  5 
Feds,  and 
12  Qirats. 

Above 
5  Feds 

Aver; 
of  plo 

Field 
work. 

i  S 
«  « 

Maps. 

Re- 
gisters. 

Abu  HummoK  ... 

3i 

—     93     —  99 

259,032 

108,814-9 

Feds. 

Feds. 

L.  M. 

L.  M. 

Damanhur  

—     94     —  00 

108,612 

45,fi2«-0 

El  Delingat  

24 

—     95     —  99 

88,524 

37,187-4 

Teh  el  Barud  ... 

r,2 

—     95     —  99 

74,192 

31,166-8 

Kom  Hamada  ... 

—     97     —  99 

82,369 

34,601-8 

N  f 

)  R  E  (;  ( 

Kafr  el  Dawar  ... 

15 

—     93     —  00 

262,518 

110,279-3 

Rosetta  

20 

—     94     —  00 

123,542 

51,885-3 

Shubrakhit  

(>n 

—     94     —  99 

65,777 

27,631-8 

Ushur  Iskandria. . 

4 

—     93     —  00 

22,435 

9,424-6 

Total  for  Miidiria 

315 

1,087,001 

456,617-9 

El  BoroUos  *  ... 

2 

20-10-06—12-12-07 

39,798 

16,718-5 

2,996 



3,741 

1,277 

1,8,50 

014 

1-0 

2-0 

1-5 

0-637 

0-034 

Desuq  

37 

23-11-97—20-5-00 

125,536 

52,735-5 

6,728 

_ 

22,183 

5-6 

Fun   

lit 

7-0-00—27-12-00 

00,0 1  o 

O-i  l.Q 

_ 

18/>74 

5,805 

14-4 

Kafr  el  Zayat  ... 

56 

3-4-97—31-1-01 

74,912 

31,469-2 

_ 

905 

35,025 

2-1 

Kafr  el  Sheikh  ... 

82 

15-1-98— 14-fi-OO 

349,608 

140,864-4 

83,042 

12,879 

27-1 

El  Mahalla  el  Ru- 

bra   

(iO 

28-1-98—1-5-01 

134,681 

■56,577-2 



2,890 

26,892 

NO  RECORDS. 

5-0 

NO  RECORDS. 

Sherbin  

20 

2-.5-99— 30-G-Ol 

409,826 

172,160-9 

50,354 

14,927 

27-4 

Santa  

51 

18-7-97—11-12-00 

60,293 

2,5,328-1 

1,153 

39,813 

1-5 

Tanta   

G3 

26-5-97—16-5-01 

113,243 

47,571-4 

2,070 

58,680 

2-0 

TalkhT 

47 

111,439 

40,813-6 

5,323 

13,769 

8M 

Zifta   

57 

21-11-97—5-6-01 

60,019 

25,213-0 

764 

37,305 

1-0 

Total  for  Mudiria 

.500 

3-4-97—6-9-01 

1,563,231 

()56,686-7 

11  2,863 

271,019 

8-8 

< 

1 

Daqahlia  .  • 


Menupia  .... 


Sharqia  -j-  . 


Qaliubia.... 


Agi>   

iu 

11-1-03—23-10-03 

71,725 

30,130-6 

1,050 

25,073 

0,542 

10,248 

2,283 

r 

2 

8 

3-4 

2-9 

0-8.51 

0-499 

Dekernes   

72 

28-10-02-31-12-03 

206,210 

80,205-2 

34,660 

— 

51,092 

20,634 

26,692 

3,76(; 

4 

0 

3-0 

1-7 

0-7.36 

0-239 

Faraskur   

35 

5-6-02—1-10-03 

57^774 

24,209-9 

2,357 

— 

11,149 

3,473 

.1,000 

2,070 

5 

2 

4-8 

2*7 

1  •07(> 

0-349 

El  Mansuia  

C,i 

21-4-02—23-11-03 

80,859 

33,967-5 

121 

— 

25,192 

7,062 

15,300 

2,170 

3 

2 

4-2 

2-7 

0-961 

0-468 

Mit  Ghamr  

81 

3-6-02—22-11-03 

83,341 

35,010-1 

— 

1,139 

3.5,813 

10,672 

21,709 

3,372 

2 

3 

0-5 

0-0 

1-280 

0-846 

El  Simbcllawein  . 

83 

.5-4-02—5-12-03 

128.422 

53,947-9 

— 

1,420 

35,828 

!»,397 

21,725 

4,706 

3 

6 

4-1 

1-0 

1-200 

0-297 

Tdtiil  for  Miidiriii 

■102 

.f;_4_02— 31-12-03 

027,331 

203,531-1 

33,523 

— 

184,147 

58,380 

107,400 

18,367 

3-5 

4-4 

2-9 

1-018 

0-4.50 

Ashmuii   

54 

16-1-99-18-5-01 

72,639 

30,514-4 

— 

4,573 

41,951 

— 

— 

— 

1 

7 

— 

— 

— 

— 

Meiiuf  

(w 

1-7-00—10-5-02 

79,154 

33-251-2 

— 

2,824 

64,429 

22,1.56 

40,743 

1,.5.30 

1 

5 

(6-1 

10-6 

1-288 

l-.393\^ 

Quesiia  

01 

8-12-00—30-7-02 

71,274 

29,941-0 

— 

2,()12 

38,005 

10,499 

25,178 

2,328 

1 

9 

h-'.) 

7-2 

1-040 

1-017> 

Bhibin  el  Kom  ... 

60 

14-2-01—24-2-03 

71,343 

29,970-0 

— 

1,226 

59,181 

22,194 

35,681 

1,306 

1-2 

{s-8 

0-0 

2-0.53 

0-997* 

Tala   

05 

15-12-98—10-11-01 

79,813 

.33,528-1 

— 

3,020 

58,301 

— 

— 

— 

1 

Total  for  Mudiria 

305 

15-12-98—24-2-03 

374,223 

157,204-7 

— 

14,201 

201.927 

— 

— 

— 

1 

5 

— 

— 

— 

Belbeis  

CO 

6-4-06—2-4-08 

1' '8,322 

45,504-2 

.3,783 



.30,159 

15,995 

18,029 

2,1.35 

3-0 

5-9 

4-0 

1-511 

1-103 

Faqus   

40 

0-8-00—   —  — 

250,005 

105,048-1 

— 

— 

37,598 

16,193 

10,434 

4,971 

6 

7 

5-0 

4-0 

1-237 

0-970 

HeUia   

52 

16-9-0(;     —  — 

71.970 

30,233-4 

— 

— 

21,923 

7,939 

11,580 

2,404 

3 

3 

8-5 

3-0 

2-005 

0-838 

Kafr  Saqr   

53 

13-7-00—   —  — 

141,071 

59,202-8 

— 

— 

31,340 

9,181 

17,032 

.5,127 

4 

5 

7-3 

4-0 

1-492 

0-800 

Mina  el  Qamh  ... 

85 

7-1-06—19-8-07 

78,912 

33,149-6 

192 

— 

35,659 

12,557 

20,409 

2,693 

2 

2 

0-2 

2-6 

1-483 

0-642 

EI  Za^azig  

69 

17-7-06—   —  — 

180,.548 

7.5,845-1 

— 

— 

39,501 

15,008 

20,209 

4,224 

4 

6 

4-4 

6-8 

1-231 

1-615 

Total  for  Mudiria 

3(>5 

7_1_00—   —  — 

830,891 

349,043-2 

— 

— 

202,180 

76,873 

103,773 

21,534 

4 

1 

0-2 

4-2 

1-493 

0-995 

Dawahi  Masr  ... 

14 

12-6-02    1  4  03 

17,330 

7,280-0 



116 

4,830 

1,667 

2,522 

641 

3-6 

5-3 

2-4 

1-221 

0-383 

Nawa   

41 

7-5-02—6-4-03 

73,048 

30,686-2 

9,594 

— 

2.5,976 

9,589 

14,645 

1,842 

2 

8 

3-3 

2-0 

0-829 

0-435 

Qaliub  

35 

18-ll-«2— 30-6-03 

56,567 

23,702-8 

— 

2,230 

18,146 

4,652 

11,677 

1,817 

3 

1 

5-0 

2-8 

1-0.52 

0-i501 

Tukh   

59 

17-2-02—19-7-03 

73,073 

.30,948-8 

— 

2,501 

40,427 

16,4.52 

21,849 

2,126 

1 

8 

7-1 

5-4 

1-.582 

0-739 

Total  tor  Mudiiia 

149 

17-2-02—19-7-03 

220,018 

92,077-8 

4,748 

— 

89,379 

32,300 

.50,593 

6,420 

2 

S 

5-2 

3-3 

1-171 

0-514 

*  From  new  survey,  1907. 


^  Some  villages  are  omitted. 


%  Re-survey  not  completed. 


Cadastral 


Survey  Statistics  for 


UprER  Egypt. 


Provinck. 

District. 

tu 
bo 
« 

Date  op  survey. 

Area. 

Difi'erence 
from  previous 
survey. 

XlHIBER  01-  PLOTS. 

o  — 
•—  % 

MS, 

Time  of 
8  nrvey  in 
d.iys  per 
luO  Feds, 

Cost  of  survey 

in  L.  E. 
per  lou  Feds. 

Under 

12 
Qii-ats. 

"o 
o 
>5 

Fcddans. 

Hectares. 

X 

Deficit 

Total. 

Between  5 
Feds,  and 
13  Qirats. 

Above 
5  Feds 

g  • 

'is. 
< 

"o 

Field 

Re- 
gisters, 

Q. 

Re- 
gisters, 1 

42 

1 o_i 2_Qa  1 4_i n_no 

50,094 

23,.564-l 

Feds. 
3,418 

Feds. 

20,992 

12,083 

13,209 

1.040 

O  •  1 

.5  1 

I.. 

K.  H. 

J'jIItUliUtI              ...         t(  ■ 

44 

92.059 

38,672-4 

9,516 

- 

35,210 

10,773 

21,733 

2,704 

2-  0 

GlZA  < 

Oiza   

35 

23-6-98— 3-,3-01 

49,913 

20,967-6 

4,943 

— 

17,975 

1,825 

11,012 

1,538 

2-S 

Saff   

29 

19-12-98— 24-.5-01 

46,817 

19,6670 

8,111 

21,311 

0,900 

1.3,184 

1.227 

2"2 

Total  for  Mudiria 

150 

23-6-118— 21-5-01 

244,883 

102,871  1 

26,021 

— 

101,488 

.34,581 

.59,798 

7,109 

2-4 

s'o  r 

1 

31 

l> — i^Ji— (>— /  ~*Ja 

181,970 

76,642-5 

25,014 

— 

10,080 

15,055 

21,072 

3,353 

't  i) 

Kayum  ...< 

Fa}'ura  

Sennures   

25 
29 

8-1-01—3-9-02 
12-10-00—10-7-02 

87,239 
143.774 

36,647-6 
60,397-0 

1,342 

2,03(; 

— 

39,409 
45,570 

18,111 
20,412 

18,781 
22,443 

2,244 

2,721 

2-  2 

3-  2 

Total  for  Jliuliria 

85 

12-10  00—3-9-02 

412,983 

173.087-1 

29,022 

12.5,125 

51,511 

62,290 

8,318 

3-3 

A^CIJI    UU^^       ...  ... 

58 

1 0_1 0-f)-)  90-.i-07 

98,451 

41,357-5 

— 

3,080 

41,758 

15,075 

23,282 

3,401 

3-2 

4-2 

0 

758 

0  948 

Bk.niSuef.... 

Bebii   

Wa.sta  

fi8 
43 

29-7-0.5—7-11-06 
11-1-06—29-1-07 

83,784 
70,205 

35,196-2 
29,491-9 

652 
— 

— 

1,428 

51,045 

39,205 

20,603 
16,990 

22,048 
19,795 

2,394 

2,420 

1-6 
1-8 

4-2 

3-6 

6-0 
5-7 

0 

0 

930 
S03 

1  114 
1  230 

- 

Total  for  Mudiria 

169 

29-7-0-.— 29-4-07 

252,440 

106,015 -fl 

— 

3,802 

132,008 

58,06S 

05,125 

8,215 

1-9 

3-7 

5-3 

0 

832 

1  097 

Abu  Qur<i:iri  

40 

1.1.-5-0.5-29-6-06 

24,108  *  1 

2,351 

19,176 

7,796 

9,520 

1.800 

3-0 

3-0 

2-4 

0 

550 

0  437 

Belli  Mazar  

46 

30-4-05—8-7-06 

9.5,125 

59,960-4 

S.'^l 

23,252 

9,246 

11,536 

2,470 

4-1 

3-0 

1-5 

0 

600 

0  287 

38 

1 11— (.— V.J       it — xit — UU 

63,672 

26,747-5 

2,766 

18,587 

7,066 

8,920 

2,001 

A  4 

2-8 

2-9 

0 

.537 

0  448 

Mini  A  .... 

lUit^Iltl^Jitl   

49 

1 T  g  fit    on  n  nfi 

77,780 

32,674-0 

5,777 

21,090 

8,151 

11,129 

1,816 

'1.7 

2-0 

2-9 

0 

427 

0  60O 

Minia   

38 

27-.5-0.5— 19-12-06 

75,002 

31„507-1 

0,551 

20.830 

7,82.-! 

10,042 

2,371 

3-6 

2-4 

3-6 

0 

541 

0  742 

Samalut   

44 

26-4-0.5—11-9-06 

94,611 

39,744.5 

7,831 

20,587 

5,971 

11,171 

3,445 

4-0 

2-0 

2-0 

0 

457 

0  357 

Total  for  Mudiria 

255 

2i;-i-05— i9-i2-<i(; 

ti;:!..".:;! 

191.711. (1 

2,0100 

123.534 

40,053 

02.91K 

13,9C,3 

3-7 

_£5 

2-0 

0 

519 

0  47S 

ASSIUT 


GlBGA 


•  Jena 


ASWA.N 




Abu  Tii;   

:$,■) 

18-4-04-15-11-05 

60,124 

25.257-1 

— 

2,257 

:i0,5t2 

11,873 

22,720 

1.943 

1-0 

4-2 

5-8  0 

804 

1 

003 

Assiut   

2S 

1-12-04—31-12-05 

55,079 

2:11:^7-7 

— 

1,254 

:!9.177 

10.729 

20,790 

1,608 

1-4 

5-0 

1 

4-9  1 

220 

1 

230 

Badai'i  

27 

21-1  -05—31-12-05 

35,825 

15,049-5 

— 

4,200 

22.(i7X 

9,;-599 

12,118 

1,101 

1-0 

5-2 

! 

9-1  1 

197 

1 

538 

Deirut  

.-)3 

8-1-05—15-12-05 

85,:^2G 

:i5,844-0 

— 

2,651 

41,370 

10,863 

21,828 

2.079 

2-1 

3-2 

2-8 

0 

081 

0 

537 

Almub  

8-11-04—15-12-05 

0:^,105 

20.509-3 

5,829 

— 

37,008 

15.691 

20,301 

1.55(> 

1-7 

3-3 

t 

3-9|0 

847 

0 

879 

Mallawi   

r>2 

22-10-04—14-11-05 

89,303 

37,514-8 

— 

33,85:i 

i:^,991 

17,.509 

2,353 

2-0 

3-2 

2-8|0 

643 

0 

522 

Maiifaliit   

•49 

1-12-04— 9-12  05 

85,102 

:i5.749-9 

— 

1,611 

40.055 

17.504 

20.095 

2.390 

2-1 

3-6 

5-8  0 

788 

0 

940 

Total  for  Mudiria 

272 

18-4-04— 31-12-(I5 

473,804 

199.1 102 -3 

— 

11.710 

251.S'<3 

102.110 

130,027 

13.740 

1-9 

4-0 

5-0 

0 

S92 

0 

958 

Akliiniin   

20-3-04—30-3-05 

37,110 

15,.58'J-3 



2,778 

23,724 

M,008 

14,085 

971 

1-0 

3-3 

0-5 

0 

844 

0 

997 

Raliana   

8-2-04—19-7-05 

72.782 

:!0.574-5 

— 

1,932 

39,730 

16,845 

20,584 

2.307 

1-8 

3-4 

6-0 

0 

727 

1 

060 

Cifgii   

4-2-04—18-7-05 

S;!,(;88 

:!5.155-9 

— 

6,279 

40.717 

10,584 

37,025 

3.10s 

1-7 

4-7 

3-5 

1 

016 

0 

700 

SohaK   

iij 

7-3-04—29-6-05 

65,579 

27,.54S-7 

— 

2,069 

48,048 

20,175 

20,218 

1,055 

1-4 

3-4 

5-3 

0 

081 

1 

005 

TahUi   

61 

20-7-04—25-7-05 

95.921 

40.294-8 

1,423 

— 

59.454 

22.640 

33.933 

3.K75 

1-6 

3-0 

4-7 

0 

758 

0 

720 

Total  for  Mudiria 

227 

4-2-04—25-7-05 

355,080 

149.103.2 

— 

li,6:« 

217,679 

84.918 

121,845 

10,910 

1-0 

3-7 

5-2 

0 

805 

0 

920 

Desliiia  

lo 

13-9-03—27-10-04 

09,218 

39,077-3 

7,503 



39,119 

10,017 

21,073 

2,029 

1'8 

3-5 

2-7 

0 

797 

0 

501 

Ksna   

18 

11-10-03—27-10-04 

48,795 

20,497-9 

— 

1,903 

23,810 

10,678 

11,000 

1,538 

2-0 

8-0 

3-3 

1 

731 

0 

(ill 

I/Uxor  

17 

9-10-03—29-10-04 

71,131 

29,880-9 

2,317 

— 

22,002 

9,719 

10,191 

2,092 

3-2 

4-5 

3-7 

0 

920 

0 

029 

Nag  Hamadi 

35 

1-9-03—4-1-05 

94,901 

:w,soo-3 

229 

— 

17,414 

17,079 

26,712 

3,023 

2-0 

4-7 

3-6 

0 

997 

0 

577 

Qena   

20 

19-9-03—30-9-04 

52,142 

21,906-9 

2,086 

— 

31,746 

13,018 

lG,8i;3 

1.805 

1-0 

0-0 

3-2 

1 

450 

0 

580 

Qus   

28 

9-10-0:^—17-10-04 

05,095 

27,:^45-9 

1.679 

— 

3(>,508 

15,272 

19.037 

2.199 

1-8 

4-2 

3-2 

0 

959 

0 

016 

Totjil  for  Mudiria 

133 

1-9-0:^1-1-05 

401,282 

168.575-2 

11,851 

— 

200.605 

82,383 

105,476 

12.740 

2-0 

5-4 

3-3 

1 

143 

0 

5S6 

Xswan  

20 

4-5-04—27-12-04 

28,105 

11,806-4 

1,725 



10,931 

5,629 

4,373 

929 

2-0 

5-7 

5*5 

1 

207 

0  752 

DeiT   

37 

15-2-04-25-12-04 

20,949 

11,320-4 

9,172 

— 

6,370 

2,086 

2.729 

l..-)55 

4-2 

4-0 

5-1 

1 

322 

0 

873 

Edfu   

17 

1(^-1-04-4-12-04 

48,949 

20,562-6 

l,:^90 

.  — 

21.4:« 

7,702 

12,0.50 

1,080 

2-3 

0-5 

4-4 

1 

280 

0 

507 

Total  for  Mudiria 

74 

16-1-04—27-12-04 

104,003 

43,089-4 

12,287 

— 

38,739 

15,417 

19,1.52 

4,170 

2-7 

5-6 

5-0 

1 

273 

0 

731 
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CHAPTER  XI. 
The  Standards  of  Length. 

Although  a  decree  had  been  published  in  April  28, 1891*  laying  down 
the  metric  equivalents  for  each  of  the  measures  of  length  in  use  in 
the  country,  no  standard  diraa  or  metre  was  made,  of  which  the  error 
was  accurately  known  by  comparison  with  the  international  standards. 
There  was  certainly  the  4-metre  base-measuring  bar  of  Briinner-Ibanez, 
but  this  had  not  been  used  for  some  years  ;  the  triple-metres  used  by 
the  Cadastre  of  1878-1888  were  lying  in  the  stores  of  the  Ministry  of 
Public  Works,  and  another  metre  bar  was  in  the  Engineering  Depart- 
ment of  the  Ministry  of  War. 

The  inconvenience  of  having  no  reliable  standard  of  length  was  soon 
felt  during  the  work  of  the  Geological  Survey  in  1896,  since  the  errors 
of  the  reputed  standards  above  mentioned  which  existed  in  Egypt 
had  either  never  been  determined  or  the  original  certificates  had  been 
lost.  The  4-metre  bar  by  Briinner-Ibanez  should,  perhaps,  be  ex- 
cepted, but  it  was  not  at  the  time  in  a  satisfactory  condition ;  no  records 
existed  of  how  it  had  been  treated  since  it  had  been  compared  with  the 
Spanish  bar  at  Madrid  in  1862,  nor  did  a  sufficient  trained  staff  exist 
to  use  it  efficiently.  In  1897,  therefore,  one  of  the  steel  triple-metres 
purchased  in  Italy  about  1878  for  the  Cadastre  of  that  time  was  sent 
to  the  Standards  Office  of  the  Board  of  Trade,  London,  and  there 
compared  with  the  International  Standard  Metre  No.  16,  in  July  1898. 

The  result  was  that  the  lengths  of  the  three  bars  of  the  triple -metre 
were  found  to  be  as  stated  in  the  copy  of  the  certificate  No.  1  which 
is  given  in  Appendix  11.  In  order  to  project  the  geological  map 
sheets  correctly,  a  metre  rule  of  German  silver  divided  to  millimetres 
was  obtained  in  1897,  and  its  length  was  found  at  the  Standards  Office 
of  the  Board  of  Trade  to  be  1  •  00004  metre  from  centre  to  centre  of 
the  terminal  hnes  at  0°C.  as  stated  in  the  copy  of  the  certificate 
which  is  printed^in  Appendix  II  (No.  2.) 


•  See  Appendix  I. 
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By  means  of  these  it  was  possible  to  determine  the  length  of  a  longer 
unit  of  length  with  moderate  accuracy  if  required. 

The  work  of  the  Geological  Survey  did  not  demand  topographical 
surveying  of  high  accuracy,  since  it  was  engaged  in  working  out  the 
main  geological  structure  of  the  country,  and,  with  this  object,  the 
geologists  were  less  in  the  Nile  Valley  than  in  the  desert,  where  the 
measuring-wheel,  graphical  triangulation  carried  out  with  the  plane- 
table,  and  traverses  plotted  by  means  of  a  time  scale,  provided  results 
of  sufficient  accuracy  when  they  were  controlled  by  astronomical 
observations  to  determine  the  latitude  and  these  were  frequently 
made.  At  the  same  time  it  was  probable  that  before  long  mapping 
would  be  commenced  in  the  valley,  so  that  it  seemed  desirable  to 
prepare  for  doing  so  by  determining  astronomically  the  position  of  a 
series  of  points  in  the  valley  and  by  making  a  set  of  base-measuring 
rods  which  would  enable  a  base  to  be  measured  with  fair  accuracy  and 
at  a  far  less  cost  than  that  which  the  Briinner-Ibanez  bar  would 
entail  if  used.  The  very  satisfactory  results  obtained  with  5-metre 
fir  rods  in  Germany  *  suggested  the  use  of  these  until  such  time  as 
a  general  survey  of  the  country  on  the  basis  of  an  accurate  triangu- 
lation should  be  undertaken  and  apparatus  capable  of  attaining  higher 
precision  in  the  results  should  become  necessary. 

Four  pieces  of  well-seasoned  pine  were  made  into  four  measuring- 
rods  each  five  metres  long ;  they  were  sawn  longitudinally  into  four 
sections  by  two  cuts  at  right  angles  to  one  another  ;  the  first  and 
third  sections  were  then  reversed,  and  the  four  pieces  were  screwed 
together  again.  By  this  means,  warping  was  prevented,  or  at  least 
reduced  to  a  minimum,  and,  even  in  the  dry  summer  weather,  no 
difiiculty  from  this  cause  was  experienced.  When  finished,  the  rods 
were  five  centimetres  square  in  the  centre  tapering  to  three  and  a 
half  centimetres  square  at  each  end.  The  ends  were  shod  with 
caps  of  hardened  steel  ending  in  a  chisel-shaped  edge,  that  at  one  end 
of  the  rod  being  at  right  angles  to  the  one  at  the  other  end  ;  thus,  when 
the  two  rods  were  placed  one  in  prolongation  of  the  other  the  point  of 
contact  was  formed  by  two  steel  edges  meeting  at  right  angles.  A 
wooden  bed  with  terminal  stops  of  similar  shape  was  made  for  verifying 
the  length  of  the  bars,  the  small  interval  between  the  end  of  the  bar 


*  Reinhertz,  "  Zeitsohrift  fiir  Vermessungswesen,"  1890,  p.  7. 


when  laid  on  the  bed  and  the  bed-terminal  being  measured  by  means 
of  a  small  steel  wedge  which  admitted  of  readings  being  made  to 
0*01  millimetre. 

This  wooden  bed  on  which  the  5-metre  fir  rods  were  verified  was 
made  in  the  autumn  of  1897,  and  its  length  was  determined  by  the 
aid  of  the  steel  triple-metre  which,  as  already  mentioned,  had  been 
compared  with  the  Board  of  Trade  copy  of  the  Standard  Metre.  The 
three  bars  of  the  triple-metre  were  placed  on  the  "  bed  "  in  contact ; 
then  first  No.  1  and  then  No.  2  were  moved  to  the  front  in  turn,  thus 
giving  a  length  equal  to  the  five  bars  used ;  the  difference  between 
this  and  the  end  of  the  bed  was  measured  with  the  steel  wedge.  By 
repeating  this  three  times  each  bar  of  the  triple-metre  was  used  five 
times  in  the  following  manner  : — 

1st  ineiisuronient  witli  i)ar.s  1,  2,  i),  1,  and  2 
2nd        „  „    1,2, 3, 2,  and  3 

3rd        „  ..     ..    1.  2, 3,  1.  and  3 

It  was  necessary  to  employ  this  method,  since  the  total  length  of  the 
three  bars  of  the  triple-metre  had  been  furnished  in  the  certificate  and 
not  the  length  of  each  bar. 

The  length  of  the  bed  was  verified  in  this  manner  before  and  after 
any  base-measurement  was  carried  out  with  the  fir  rods,  and  each 
rod  was  compared  with  the  bed  at  the  same  time,  as  well  as  before  and 
after  each  group  of  measurements  whenever  this  was  practicable. 

In  July,  1898,  therefore,  when  the  cadastral  survey  of  Egypt  was  to 
be  systematically  taken  in  hand  in  order  to  furnish  a  basis  for  re-assess- 
ing the  land-tax  throughout  the  country,  the  only  standards  of  length 
which  were  available  were — 

1.  The  4-metre  Briinner-Ibanez  bar  and  the  apparatus  belonging  to  it ; 

2.  A  steel  triplc-nictre  verified  at  tln>  (Standards  Office  in  London  ; 

3.  A  divided  metre  scale  of  German  silver  verified  at  the  Stiindards  Office 

in  London. 

As  the  triangulation  which  was  being  used  in  the  first  half  of  1898  to 
control  the  work  of  the  Revenue  Survey  in  Giza  province  was  de- 
pendent on  one  or  two  bases  measured  with  a  steel  band  without  any 
correction  for  temperature  being  applied,  while  the  error  of  the  steel 
band  itself  was  unknown,  it  was  necessary  to  re-measure  one  or  two 
sides  of  the  triangulation  at  once  in  order  to  see  whether  any  improve- 
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ment  of  the  triangulation  was  possible  without  delaying  the  detail- 
survey.  For  this  purpose  the  5-nietre  fir  rods  alone  were  available, 
and  with  them  bases  were  measured  at  Badreshein  and  Matania  in 
Giza  province.*  A  100-metre  steel  tape  was  obtained  a  little  later  for 
use  in  measuring  such  bases  imtil  a  set  of  Jaderin  wires  could  be 
suppHed,  for  it  seemed  probable  that  time  might  be  economized  by 
its  use ;  the  detail-survey  was  proceeding  rapidly,  and  the  task  of 
providing  a  reliable  triangulation  reconnoitred,  observed,  and  com- 
puted, before  the  position  of  the  points  of  the  theodolite  traverses 
could  be  calculated,  compelled  the  utmost  economy  of  time.  Even 
though  the  measurement  of  a  base  in  the  Fayum  was  delayed  to  the 
last  possible  minute,  the  Jaderin  wires  had  not  been  received,  and,  in 
August,  1900,  it  was  necessary  to  measure  a  base  at  once  in  order  to 
compute  the  triangulation  of  the  Fayum  province,  and  the  co-ordinates 
of  the  traverse  points  which  were  controlled  by  it. 

It  Was  then  the  hottest  season  of  the  year,  and  only  two  of  the 
inspectorate  were  available  for  the  work,  so  that  after  some  deliberation 
it  was  decided  that,  under  the  circumstances,  better  results  would  be 
obtained  by  employing  the  100-metre  steel  tape  instead  of  the  fir  rods, 
and  that  time  would  likewise  be  saved.  Since  its  length  had  not  been 
determined  by  comparison  with  a  recognized  standard  in  Europe,  it 
was  necessary  to  verify  the  tape  by  means  of  the  5-metre  fir  rods. 
The  wooden  bed  was  verified  six  times  as  before  with  the  steel  triple- 
metre  and  its  length  at  0°C.  was  found  to  be  5-01092  metres;  the 
lengths  of  two  rods  which  were  employed  were  then  found  to  be 
5-00404  and  5-00408  metres  respectively  at  0°  C. 

For  the  comparison  of  the  steel  tape  with  the  fir  rods,  a  100-metre 
line  was  laid  down  on  a  level  length  of  asphalt,  on  the  side  of  the  road 
alongside  the  offices  of  the  Survey  Department,  25-metre  intervals 
being  marked  by  lines  engraved  on  brass  plates  which  were  affixed  to 
stout  wooden  pickets  sunk  deeply  into  the  ground.  Ten  measurements 
of  this  100-metre  length  were  made  with  the  fir  rods  and  the  length  of 
the  tape  was  found  to  be  100-0411  metres  at  16"-7  C.  when  strained  to 
a  tension  of  12  kilogrammes,  or  100-0346  metres  under  no  tension. 

This  steel  tape  was  subsequently  used  to  measure  bases  at  Tema  in 
the  province  of  Assiut  and  at  Addendan  and  Dakka  in  Nubia  for  the 


*  See  Chapter  XT. 
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third  order  triangulation,  and  at  Khattara,  12  kilometres  north  of 
Aswan;  these  last  three  were  for  controlling  a  length  of  triangulation 
over  a  narrow  valley  where  the  sides  are  all  of  short  length.*  It  was 
also  employed  in  the  Eastern  Desert  to  measure  short  bases  at  Muqsam, 
Um  Harba  and  MueUh  for  the  topographical  survey  of  that  part. 

In  May  1903  the  100-metre  steel  tape  was  compared  with  the  60- 
metre  Jaderin  steel  wire  No.  2.  The  tape  and  wire  were  each  laid 
flat  on  the  asphalt  base  at  Giza  and  compared  at  tensions  of  15 
kilogrammes  for  the  wire  and  7  kilogrammes  for  the  tape,  and  appa- 
rently at  a  temperature  of  14°  C,  but  the  actual  temperature  is 
immaterial,  if  it  is  assumed  that  both  wire  and  tape  acquired  the  same 
temperature,  and  if  their  coefficients  of  thermal  expansion  are  the 
same. 

The  tape  at  7  kilogrammes  tension  and  14°  C.  was  found  to  be  equal 
in  length  to  twice  the  wire  at  the  same  temperature  and  15  kilo- 
grammes tension  less  0  •  0535  metres,  when  laid  flat. 

The  length  of  the  wire  No.  2,  that  is  the  chord  of  the  arc,  was  deter- 
mined at  Stockholm  to  be  50-0340  metres  at  a  tension  of  15  kilogram- 

L  V- 

mes  and  temperature  14°  C.  The  arc  is  longer  than  the  chord  by  — - 

24  X 

where  L  is  the  length  of  the  wire,  V  its  weight  (exclusive  of  fittings  at 
the  ends)  and  T  is  the  tension.  V  was  found  to  be  0  •  909  kilogrammes 
by  measurement  of  the  cross-section  and  on  the  assumption  that  the 
density  is  7  •  99.  Hence  the  difference  between  the  arc  and  the  chord 
was  calculated  to  be : 

50-03  X  0  ••)()!)- 


24  X  l.T 


or  0-()07(ir>  111. 


We  have  then ; 


Wire  (2)  at  15  kilogrammes  and  14°  C  

Difference  between  the  arc  and  tlie  chord  

Arc  of  the  wire  as  above  

Twice  this  

Subtract  the  excess  of  twice  the  wire  over  the  tape 

Length  of  the  tape  at  7  kilogrammes  tension  and  14°  C. 

Correction  to  16°' 7  C  

Length  of  tlie  tape  iit  7  kilogrammes  and  1(')"*7  ... 
Correction  to  length  under  no  tension  

Tape  under  no  tension  and  at  1()°*7  C  


50 '0340 
+  0-00705 

50-04165 
100-0«:53 

-  0-(i5;{5 

100-0298 
+  0-0030 

100-0328 

-  0-0037 

1(X)-0291 


*  Plan  XXIII. 


LVON8  CAO.  8UR.  EO. 


THE  FOUR-METRE  BRUNNER-IBANEZ  BAR. 


PLATE  IV. 


Survsy  Dept.  Cairo.  1908.  (398-88) 
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The  length  of  the  tape  employed  in  the  computations  for  the  bases 
at  Tema,  Khattara,  Dakka  and  Addendan  and  for  the  three  bases  of 
the  Eastern  Desert  triangulation,  as  well  as  for  some  of  the  bases  of 
the  smaller  town  triangulations,  was:  100-0291  metres.  The  length 
according  to  the  determinations  made  at  Helwan  Observatory  at  the 
same  temperature  and  tension,  were  as  follows : — 

Novemher,  1905    100-0156  metres. 

December,  1907    100' 0151  .. 

June,         1908    100-0191  „ 

Under  the  conditions  of  carrying  on  work  at  high  pressure  which 
continued  to  prevail,  it  was  seldom  possible  to  measure  bases  at  the 
most  suitable  time  of  year,  for  the  intervals  of  time  which  could  be 
allowed  between  the  selection  of  a  base  and  the  computation  of  the 
triangulation  which  depended  on  it  was  often  short.  The  use  of  a  steel 
tape  on  heated  ground  was  not  desirable,  and  measurement  by  night 
was  not  convenient,  so  a  set  of  Jaderin  wires,  with  the  necessary 
apparatus  for  using  them  for  base-measurement,  was  ordered  early  in 
1900  from  the  firm  of  F.  J.  Berg,  of  Stockholm,  and  was  received  by 
the  end  of  the  year.  They  had  been  standardized  on  the  base  laid  out 
at  the  Polytechnic  School  at  Stockholm  and  the  following  information 
was  furnished  concerning  them  : — 


Xo.  of  wiiv. 

Jlatorial. 

Stockholm  Experiments. 

Tpinperature  °C. 

Toiisinn  kilo<is. 

Ijength  metres. 

1  .. 

Steel  

12-4 

10 

25-0121 

•) 

Steel  

14-0 

15 

50-0340 

3  .. 

Brass  

11-9 

15 

50-0315 

4  .. 

Brass  

12-. -5 

10 

25-0105 

This  apparatus  consists  essentially  of  long  wires  to  the  ends  of  which 
short  scales  are  fixed.  The  wires  are  strained  under  a  constant  tension 
by  suitable  means ;  a  series  of  tripods  carrying  reference  marks  is 
placed  at  equal  distances  in  a  straight  line  along  the  base,  and  the 
distance  between  consecutive  reference  marks  is  measured  by  means 
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of  the  wires.  Two  wires,  both  being  of  25  or  50  metres  in  length,  were 
to  be  used  simultaneously,  one  being  of  steel  and  the  other  of  brass ; 
they  thus  formed  a  bi-metallic  and  hence  tempe.."ature-compensated 
standard. 

One  of  the  50-metre  wires  was  accidentally  broken  while  measuring 
a  base  near  Roda  in  Minia  province,  so  that  only  the  25-metre  wires 
could  be  used  afterwards.  The  reference  marks  were  at  first  pin- 
points clamped  in  the  tripod  heads  and  the  alignments  were  laid  out 
with  a  theodolite  ;  the  difference  in  level  between  successive  tripods 
was  found  by  spirit-levelling  in  the  ordinary  way.  As  soon  as  the 
new  apparatus  designed  by  MM.  Benoit  and  Guillaume  was  received 
in  December  1905,  it  was  used  instead  of  the  old  Swedish  apparatus 
from  that  time  onwards. 

When  the  4-metre  bar  had  been  received  from  Paris  and  the  Com- 
parator House  had  been  built  at  Helwan,  it  was  possible  to  re-determine 
the  lengths  of  these  25-metre  wires,  and  the  following  results  were 
obtained  by  Mr.  B.  F.  E.  KeeUng  in  February,  1908  :— 

Wire  No.  1  Steel  25-01235  at  20°'8  C. 
Wire  No.  4      Brass      25-01308      at  20"- 8  C. 

Reducing  these  values  to  12° -4  and  12° -3,  the  temperatures  of  the 

Stockholm  experiments,  we  find,  assuming  I'O  x  10  °  and  1"75  x  10"'' 

per  1°C  as  the  coefficients  of  steel  and  brass  respectively : — 

Wire  No.  1  25-01025  at  12*4 
Wire  No.  4      25-00',)36      at  12*3 

Comparing  these  with  the  values  obtained  in  Sweden  in  1900  we  find 

that  in  eight  years : — 

Wire  No.  1  has  shortened  by  1*8  mm.  or  1  part  in  1  !,000 
Wire  No.  4   „         „        „  1-1  mm.  or  1    „     „  23,000 

Thus  it  would  seem  that  a  change  has  taken  place  in  the  length  of 
the  25-metre  wires  between  the  time  that  they  were  used  on  the  base 
at  Stockholm  in  1900  and  their  last  verification  at  Helwan  Observatory 
in  1908. 

This  change  in  length  is  in  accordance  with  the  experience  of  the 
Geodetic  Survey  of  South  Africa  when  using  similar  wires.*  Com- 
paring their  lengths  before  and  after  measuring  the  first  base  with  the 


*  British  Association  Report,  1905,  page  237:  "Origin  and  Progress  of  Geodetic  Survey  in 
Soutli  Africn,"  Sib  David  Giij-,  K.C.B.,  F.It.S. 
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Comparator  Houses  at  Helwan  Observatory. 


wires,  Gill  found  that  three  steel  wires  had  shortened  by  1  •  3,  1  •  0, 
and  0  •  2  millimetres  respectively.  Three  brass  wires  altered  by  0  •  6, 
0  •  5,  and  0  •  1  millimetre.  After  two  base-lines  had  been  measured  and 
three  years  after  the  original  standardization,  it  was  found  that  the 
total  shortening  was  1  •  8,  0  •  9,  0-6,  0*6,  0  •  9,  and  0  •  3  millimetres. 
The  magnitude  of  these  quantities  is  very  similar  to  the  magnitude 
of  the  contraction  of  the  wires  of  the  Egyptian  Survey.  On  page  162 
of  this  report  it  is  shown  that  there  is  considerable  evidence  to  show 
that  the  Egyptian  wires  have  not  altered  much  since  the  Feshn  base 
was  measured  in  1904.  If  this  is  so,  all  the  modern  bases  of  the  Delta 
are  self -consistent,  though  their  absolute  values  require  correction. 

The  following  account  of  the  last  determination  made  at  Helwan 
Observatory  is  furnished  by  Mr.  B.  P.  E.  Keeling,  who,  with 
Mr.  P.  A.  Curry,  carried  out  the  work. 

It  will  be  noticed  that  the  values  for  the  first  three  stages  of  the 
work  comprise  but  a  limited  number  of  observations.  In  fact  they 
include  the  first  series  of  what  will  be  an  extended  standardization  of 
the  4-metre  bar  and  the  24-metre  wires.  The  work  as  it  now  stands 
is,  however,  of  more  than  sufficient  accuracy  for  a  second  order  trian- 
gulation.  A  complete  account  of  the  standardization  work  will  be 
published  as  a  part  of  the  first  report  of  the  geodetic  triangulation, 
which  is  now  in  progress. 

The  work  of  calibrating  the  25-metre  Jiiderin  wires,  No.  1  (steel) 
and  No.  4  (brass)  was  divided  into  five  operations  : — 

(1)  (Jomparisou  of  Briinuer-Ibanez  4-metre  bar  with  "invar "  sub-standard 
bar  4  metres  in  length  ; 

(2)  Comparison  of  invar  4-metre  bar  with  24-metre  base  ; 

(3)  Comparison  of  24-metre  base  with  invar  wire  ; 

(4)  Comparison  of  invar  wire  with  600-metre  base  ; 

(5)  Comparison  of  600-metre  base  with  the  25-metre  wires. 

The  particulars  of  each  series  of  measurements  and  a  general  sum- 
mary are  given  in  the  following  pages,  the  symbols  used  being  : — 

m= metre, 
mm=0'001  metre, 
p.=0- 000001  metre, 
Wi,  Wj  eto".=Iength  of  wire  No.  1,  No.  2  etc., 

t=temperature  on  "verre  diir"  scale. 
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(1)  Comparison  of  Brunner-lbcinez  bar  with  the  4-metre  invar  bar. 

This  was  done  in  the  4-metre  comparator;  *  the  observers  changed 
ends  in  the  middle  of  each  experiment. 

t"  L  invar  1  in  + 
Scale  A :  t      Feb.     2;),  V.m      17-71  84-8 
March    1              17-67  8r>-4 
March    1              17-74  82-5 


17-71  84-2  |x  ±  U-ti  [/. 


Scale  B:t      March    ;{  17-68  122-2 

March    3  17-76  121*0 

March    .'5  17*69  122*3 


17-71    •      121-8  |j.  ±  0*4  [x 


Thus  the  mean  of  scales  A  and  B  at  17°-71  is 
4  metres  +  103-0  y.  ±  0-4  <j.. 

(2)  Measurement  of  24-metre  baseX  with  the  4-metre  invar  bar. 


Each  section  was  measured  as  follows  : — 
Using  scale  A  on  invar  bar : — 

1.  With  micrometers  face  right  and  observers  A'  to  left  and  V  to  right. 

2.  „  „  „       „    observers  reversed. 

3.  „  „  „    left,  observer  X  to  right  and  Y  to  left. 

4.  „  „  „      „    observers  reversed. 


Using  scale  B  on  the  invar  bar  measurements  as  above  : — 
The  base  was  measured  first  from  right  to  left,  and  secondly  from 
left  to  right.    The  results  were  as  follows  : — 


I.  Base  =  6  X  bar  +  1030  u.  at  16^*73. 
II.         =  6  X  bar  +   991  jx  at  18^*85. 
Mean  =  6  x  bar  +  1010  [x  at  17° -79. 


*  See  p.  167. 

t  Scale  A  is  on  the  top  of  the  invar  bar  and  scale  B  is  oi>  the  front  of  it ;  Plate.  IX. 
I  For  a  description  of  this  base  see  pp.  100,  172. 
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PLAN  AND  SECTION  OF  THE  FOUR-METRE  COMPARATOR  HOUSE. 


Cross  section  on  A-B 


Note  : 

Alt  dimensions  in  cm. 

Scale    1  :  lOO 


Survey  Dept.  Cairo.  1908.  i3W-8S) 
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The  two  measurements  give  tlie  very  reasonable  value  : — 
39 

—  —  X  10-"  =  0*8  X  lO""  per  degree  centigrade* 

2*1  X  24 

for  the  temperature  coefficient  of  the  invar  bar,  but  the  close 
agreement  of  the  mean  temperature  (17°-79)  with  that  in  the  4-metre 
comparator  (17°-71)  practically  obviates  the  necessity  of  using  a 
coefficient. 


(3)  Comparison  of  24-metre  base  with  24-metre  invar  wire  No.  70. 


Date. 

Temperature. 

Base — Wire. 

lleduced  to  lo°*5  C. 

mm. 

mm. 

"C 

January  7   

16-9 

+  1-035 

1-0G6 

7  

17-3 

1-057 

1-090 

10  

17-4 

0-968 

1-011 

11  

17-2 

1-015 

1-053 

11  

17-3 

0-975 

1-015 

12  

17-1 

0-995 

1-031 

13  

15-G 

1-005 

1-007 

14  

16-0 

1-038 

1-049 

19  

12-7 

1-085 

1-022 

20  

12-5 

1-108 

1-041 

22  

12-7 

1-080 

1-017 

February  4  

15-9 

0-968 

0-977 

10  

13-2 

1-072 

1-020 

15  

11-8 

1-100 

1-023 

19  

15-2 

1-032 

1-025 

March  11  

19-4 

0-900 

0-987 

Mean   

15-5 

1-027 

1-027 

The  last  column  is  deduced  by  using  the  coefficient  obtained  on  the 
following  page,  namely  : — 

5-62 

--^  =  0-94  X  10-« 
(i 

From  these  results  the  value  of  the  length  of  invar  wire  No.  70  may 
be  taken  as  : — 

W™  at  15^-5  =  base  -  1-027  mm. 
and  as  being  correct  to  about  1  part  in  1,000,000. 


*  Subsequent  experiments  show  that  the  coefficient  of  expansiou  ib  1-22  x  10-^  per  degree 
centigrade. 
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(4)  The  comparison  of  24-meire  invar  ivire  No.  70  with  600-metre  base 
laid  out  on  the  limestone  desert  east  of  Helwan  Observatory. 


Date. 


1908 


Jamiarv  20 
20 
8 

February  2 
January  8 
February  2 
January  8 
January  8 


Temperature. 


7-9 
12-0 
16-8 

21-  5 

22-  0 

23-  5 
27-4 
27-5 


Base=2:.x\V;u+330  mm 


+  16-86 
12-01 
10-73 

5-  88 
7-64 

6-  71 

4-  82 

5-  60 


Cimiputcd. 


15-48 
13-18 
10-48- 
7-84 
7-56 
6-71 


50 
47 


Combining  the  observations  by  least  squares,  we  find  that  the  length 
of  the  base  =  25  x  W,„  +  330  mm.  +  19-92  mm.  —  0-562  t  mm., 
and  the  right-hand  column  gives  the  values  computed  with  this 
formula. 

This  eives  ^         or  0"  94x10"°  as  the  coefficient  of  expansion  of 
^       6X10'  ^ 

the  invar  wire  No.  70. 

The  probable  error  of  a  single  measurement  is  : — 


r  =  0-67  y/p^' 


=  0-8  mm. 

and  we  may  take  the  probable  error  of  a  value  deduced  from  the 
formula  and  near  the  middle  of  the  range  as  about : — 

0-5  mm.  or  say  1  in  1,000,000 


(5)  'jyie  comparison  of  the  600-metre  base  at  Helwan  with  the  25-metre 
ivires  Nos.  1  and  4  on  March  11,  1908. 


Temperature. 

Length  op  Bash  Line  = 

24  X  W,  + 

21  X  w,  + 

Measurement  I   

Measurement  II  

19-1 
22-6 

mm. 

70-16 
49-50 

mm. 

59-29 
25-61 

Means... 

20-8 

59-83 

42-45 
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The  coefficients  of  expansion  computed  from  the  above  figures  are 
1  •  0  X  10  for  wire  No.  1  (steel)  and  1  ■  65  X  10  '  for  wire  No.  4  (brass) ; 
the  latter  is  considerably  smaller  than  had  been  anticipated,  but  too 
much  reliance  should  not  be  placed  on  these  values  owing  to  the  small 
range  of  temperature. 

Using  the  values  formerly  employed  (1*0  X  10""'  and  1*75  X  10"'), 
measurement  II  gives,  when  reduced  to  19°"1,  the  following  values  : — 

Wi    +  70'5  mm. 
+62-4  mm. 

showing  discrepancies  between  I  and  II  of : 

Wi  0-.'{  mm. 

W4  3'1  mm. 

The  mean  value  above  is  probably  correct  to  1  millimetre  or  about 
1  in  600,000. 

These  results  may  be  summarized  as  follows  : — 

T.—    At  17°- 71.  Tnviir  bar  =  4  m.  +  lO.-JH)  [x 
.-.At  17°-7i»,  Invar  hnr  =  4  m.  +  103-3  |x 

II.—    24-nic'tre  Ijaso  =  0  x  Invar  bar  at  17°* 79  +  1010  y. 

=  24  m.  +   G18  \j.  +  1010  a 
=  U  m.  +  1628  ix 

III.  —    At  15°*5,  Invar  wire  No.  70  =  :i4-metre  base  —  1027  ,a 

=  24  m.  +  603 

IV.  —    Witb  Invar  wire  at  1.5°'5, 

600-metre  base  =  25x  Wr„  +  330  mm.  +  iy-92  mm.  -   8*71  nun. 

=  600  m.  +  ir)-08  mm.  +  330  mm.  +  11*21  mm. 
=  600  ni.  +  3.56-29  nnn. 
=  600-3563  metres, 

v.—    Wire  No.  1  (steel): 

600  m.  +  356-29  mm.  =  24  x  Wi  at  20"-8  +  59-83  mm. 
or  Wi  at  20°-8  =  25  m.  +  12 -.35  mm. 
=  25-01235 

Wire  No.  4  (brass)  : 

600  ni.  +  356-29  mm.  =  24  W4  at  20°-8  +  42-45  mm. 
or  W^  at  20°-8  =  25  m.  +  13-08  mm. 
=  25-01308 


11 
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The  investigation  of  this  change  in  the  length  of  the  wires  has  been 
undertaken,  but  it  has  been  rendered  more  difficult  since  the  first  base 
measured  with  the  wires  is  no  longer  available  for  remeasurement. 
The  base  at  Feshn,  in  Beni  Suef  province,  which  was  originally 
measured  in  November,  1904,  has,  however,  been  measured  again  in 
April,  1908,  with  the  following  results  : — 

in.  inin. 

Length  of  base  from  measurement  in  1904  ...    2704*9060  ±10*2 
„    „       „  „         in  1908    ...    2704-9098  ±  2-6 

both  measurements  being  computed  with  the  old  values  of  the  constants 
for  purposes  of  comparison ;  it  should  be  remembered,  however,  in 
comparing  the  two  results  that  in  1908  the  improved  apparatus  for 
straining  the  wires,  aligning  the  tripods  and  reading  off  the  scales, 
was  available. 

These  two  measurements  were  discussed  as  follows  by  Mr.  T.  L. 
Bennett : — * 

"  First,  it  should  be  remarked  that,  though  two  wires  were  em- 
ployed, the  lengths  W]  and  of  the  wires  only  enter  in  the  length 
of  the  base  in  the  form : 

1-75  W.  —  1-0OW4 
0-75 

This  expression  may  be  called  the  '  length  of  the  wires.' 

"  From  the  measurements  of  the  base  we  find  that  the  length  of 

3  ■  8  t 

the  wires  had  shortened  by  -— -    mm.,  or  0-035  mm.,  between  1904 

108 

and  1908. 

"  However,  the  probable  error  of  this  value  0-035  mm.,  is 

s/{10-2;'  +  2-6-) 
 1^^  

or  0.098  mm. 

*'  Thus  the  odds  are  slightly  in  favour  of  the  change  in  the  wires 
being  less  than  0-035  +  0-098  mm.,  or  0-13  mm.,  (1  in  200,000), 
and  it  is  practically  certain  that  the  change  was  less  than  0-036  + 
0-098  X  4  mm.,  or  0-43  mm.,  (1  in  60,000).  " 

"  There  is  thus  distinct  evidence,"  Mr.  Bennett  concludes,  "that 
these  wires  have  altered  but  Uttle  in  the  three  and  a  half  years  since 


*  Inspector  in  the  Oomputiition  Office. 

t  The  Feshn  base  included  108  wire-lengths. 
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November,  1904,  or  if  they  have  altered  it  is  in  such  a  way  that  the 
above  expression  remains  nearly  unchanged.  " 

It  now  remains  to  discuss  the  other  bases  in  the  same  way ;  the 
Abbassia  base  could  only  be  referred  to  by  re-computing  its  length  from 
the  ones  measured  at  Tel  el  Kebir,  and  Waqed,  though  this  must  be 
affected  by  any  triangulation  errors. 

Another  test  is  afforded  by  measurements  of  the  100-metre  base  at 
the  Observatory  made  with  the  two  25-metre  wires  at  three  different 
dates : — 


Apparent  temperature 
of  wires. 

Ijoiijith. 

difference  from 
mean. 

m. 

m. 

May,  1!)0(;   

August,  1!K)7   

Marcli,  ms   

;50°-i  c. 

2!)" -4  0. 
24:° 'G  C. 

100-0128 
100-0162 
100-0150 

-0-0019 
+  0-0015 
+  0-0003 

Mean  

100-0147 

so  that  it  would  appear  that  any  alteration  of  the  wires  in  length  has 
been  very  small  during  this  period. 

Recently,  wires  made  of  invar,  an  alloy  of  nickel  and  steel  having 
an  extremely  small  coefficient  of  expansion,  and  consequently  being 
particularly  suitable  for  use  under  such  conditions  as  exist  in  Egypt, 
have  been  procured,  together  with  a  new  apparatus  for  using  them  in 
which  many  improvements  have  been  introduced  ;  these  wires,  together 
with  the  method  of  using  the  apparatus,  have  been  fully  described  by 
MM.  Benoit  and  Guillaume.* 

These  new  wires  made  of  invar  are  24  metres  in  length,  to  faci- 
litate their  being  standardized  by  means  of  the  4-metre  Briinner- 
Ibariez  bar.  Eight  have  been  purchased  and  have  been  standardized 
on  the  24-metre  comparator  at  Helwan  Observatory.  Subsidiary  wires 
of  8  metres  and  4  metres  and  a  4-metre  tape  divided  into  centimetres 
form  part  of  the  equipment  and  are  intended  for  use  when  the  base-line 
is  not  a  whole  multiple  of  24  metres.    The  wires  are  transported  on  a 


•  "Les  nouveaux  appareils  pour  la  inesure  mpide  des  bases  g§od6siques."  Paris.  190G. 
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light  metal  drum,  and  when  in  use  they  are  strained  by  10-kilogramme 
weights  attached  to  the  wires  by  cords  passing  over  pulleys  mounted  on 
ball-bearings.  The  edge  of  the  scales  at  the  ends  of  the  wires  lies  in  the 
neutral  axis  of  the  wire,  and  the  reference  marks  consist  of  fine  crosses 
engraved  on  the  silvered  tops  of  cylinders  which  are  furnished  with 
levelling  screws  and  mounted  on  the  tripods  so  as  to  form  the  fixed 
points  at  the  end  of  each  wire  length.  Small  telescopes  are  provided 
for  fixing  on  the  tripods  and  are  made  so  that  the  tripods  can  be 
ahgned  and  the  difference  in  level  between  successive  tripods  found 
without  the  necessity  for  using  a  theodoUte  or  level.  The  speed 
of  work  is  very  much  increased  with  a  small  accompanying  increase 
in  the  number  of  men  required. 

The  four-metke  Standard  Bar.* 

r  The  principal  standard  of  length  in  Egypt  is  a  four-metre  compound 
bar  which  was  purchased  by  the  Khedive  Ismail  Pasha  in  1863  and  was 
described  by  Ismail  Effendi  Mustafa,  afterwards  Ismail  Pasha  el  Falaki, 
in  1864 1  (see  Plate  IV). 

Said  Pasha  originally  ordered  the  bar  in  1858,  and  in  1861  he 
entrusted  to  Ismail  Effendi  Mustafa  the  study  of  the  apparatus  which 
had  been  ordered  from  Briinner  of  Paris.  It  is  of  the  same  type  as 
the  one  belonging  to  the  Geographical  Service  of  the  French  Army 
and  as  a  third  which  is  owned  by  the  Spanish  Government.  The 
method  of  using  it  has  been  described  by  Colonel  Ibanez  in  his 
account  of  the  measurement  of  the  base  atMadridejos,{  and  again  by 
Koppe  when  the  apparatus  was  borrowed  by  the  Swiss  Government  in 
order  to  measure  a  base  at  Aarberg.  §  The  determinations  of  the 
coefficient  of  expansion  of  the  bar,  of  the  errors  of  its  division,  and 
of  the  divisions  of  the  thermometers  were  made  in  1862  and  1863 
at  Paris.  The  bar  was  compared  with  the  one  belonging  to  the 
Spanish  Government  in  November,  1862,  at  Madrid,  and  its  length 


*  There  is  no  law  wliicli  Jefines  a  special  standard  bar  as  the  primary  standard  of  length  for 
Egypt.  The  Klu^divial  Decree  of  April  28,  1891,  legalizes  the  metric-  system  and  gives  the  value  of 
local  weights  and  measures  in  terms  of  the  metre  and  kilogramme.    Of.  Cliap.  Ill,  i).  41,  App.  IV, 

f  "Eeclierclie  des  coefficients  de  dilatation  et  etalonnage  de  I'appareil  il  mesurer  les  bases 
geod^siques  appartenant  au  Gouvernement  egyptien."    Paris,  1864. 

J;  "Base  central  de  la  Triangulation  geod^sica  de  Kspana."    Madrid,  ISG'i. 

§  Koppe  (C.) .  Eiseubahn,  Bd.  XIV,  Nr.  5,  u.  8,  Jan.  1881. 
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was  determined  in  terms  of  the  latter,  which  had  been  compared  in 
1856  with  the  platinum  bar  at  Paris  known  as  Borda  No.  1.*  Ismail 
EfEendi  Mustafa  gives  4,000-5522  millimetres  as  the  length  of  the 
platinum  bar  of  the  Egyptian  apparatus  at  12''-48  C,  the  length  of 
the  Borda  No.  1  being  taken,  at  17°-6  C,  as  exactly  equalling  two 
toises,  or  3,898-0732  millimetres. 

The  apparatus  was  sent  to  Egypt,  where,  according  to  Linant  Pasha  f , 
it  was  not  even  unpacked. 

In  1876,  Mr.  (now  Sir  David)  Gill  laid  out  a  base  on  the  edge  of  the 
desert  below  and  to  the  south-east  of  the  Sphinx.  Several  of  the 
masonry  blocks,  which  were  placed  at  four  metres  interval  and  in 
which  metal  bolts  were  placed,  have  been  found  again,  but  many  are 
missing  and  almost  all  the  bolts  have  been  removed.  So  far  as  can  now 
be  ascertained,  the  observations  were  never  worked  out,  nor  was  any 
attempt  made  to  utilize  the  base  in  any  system  of  triangulation. 
General  Stone,  of  the  Egyptian  General  Staff,  is  said  to  have  measured 
a  base  on  the  road  between  Giza  and  the  Pyramids  a  little  later,  but 
neither  was  this  piece  of  work  ever  completed  or  utilized  in  any  way. 

In  1884  Colonel  Ardagh,  R.E.,  then  quartered  in  Egypt  with  the  Army 
of  Occupation,  urged  that  a  topographical  survey  of  the  country  should 
be  made,  and  that  the  base  apparatus  should  be  examined  and  put  in 
order.  A  sum  of  L.E.  1,000  was  allotted  to  the  Ministry  of  War  in 
1885,  but  only  L.E.  70*076  was  spent  on  repairs,  etc.,  to  the  bar  itself, 
and  these  were  carried  out  at  the  Arsenal  in  Cairo.  There  is  no  record 
of  anything  else  being  done. 

In  1897,  when  Colonel  the  Hon.  M.  G.  Talbot,  R.E.,  was  sent  to 
Egypt  to  carry  out  some  surveying  in  the  neighbourhood  of  Wadi  Haifa 
and  Suakin,  he  was  instructed  by  Sir  John  Ardagh,  then  Director 
of  Military  Intelhgence,  to  find  out  what  had  become  of  the  Briinner- 
Ibaiiez  apparatus.  No  use  had  been  made  of  it  between  1885  and 
1897,  and  all  traces  of  it  had  disappeared,  but  after  some  search  it  was 
found  in  a  room  at  the  Abbassia  Observatory,  where  it  had  lain  during 
the  twelve  years.    No  record  existed  which  would  show  how  it  had 


*  "Experiences  faites  avee  I'appareil  &  mesurcr  les  bases  appartennut  :\  la  commission  de  la 
Carte  de  I'Espagne." 

t  Ltsant  Pasha,  "Mcmoire  sur  les  principaux  travaux  d'utilit€  publique  executt's  en  Egyptc." 
p.  381. 
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been  treated  during  the  thirty  years  that  it  had  been  in  Egypt,  nor 
was  the  nature  of  the  repairs  made  in  1885  known,  and  it  was  evi- 
dently inadvisable,  in  the  absence  of  such  information,  to  use  the  values 
obtained  in  1862  without  further  verification.  When  examined,  the 
bar  proved  to  be  in  good  condition,  except  that  some  of  the  engraved 
lines  marking  the  divisions  had  been  slightly  damaged.  It  was 
decided,  therefore,  to  send  the  bar  to  the  firm  of  Gautier,  in  Paris, 
for  cleaning  and  putting  in  order.  The  Turkish  Empire  was  no  lon- 
ger a  subscriber  to  the  Bureau  International  des  Poids  et  Mesures, 
which  was  established  in  1874  at  Breteuil,  near  Paris,  for  supplying 
national  institutions  with  accurate  standards  of  length  and  weight, 
but,  at  the  suggestion  of  Sir  George  Darwin,  K.C.B.,  F.R.S.,  appli- 
cation was  made  to  M.  Benoit,  the  Director,  who  most  courteously 
undertook  the  work  of  re-determining  the  length  of  the  bar,  and  its 
physical  constants. 

This  work  occupied  many  months,  since  it  was  desirable  to  work 
under  as  wide  a  range  of  temperature  conditions  as  possible,  at  the 
same  time  it  was  deemed  inadvisable  to  place  the  bar  in  a  trough 
filled  with  a  solution  which  might  be  artificially  heated.  The  necessary 
comparisons  were  finally  completed  in  1904,  and  in  the  autumn  of 
that  year  the  bar  was  returned  to  Egypt,  where  it  has  been  placed  in 
a  special  double- walled  house  at  Helwan  Observatory  (Plates  V  and  VI). 

It  consists  of  two  bars  each  4-05  metres  in  length,  one  being  of 
platinum  P  (Plate  IV)  and  one  of  brass  B,  the  two  forming  a  bi-metallic 
standard.  The  bars  are  supported  one  above  the  other  on  a  series 
of  fourteen  equally  spaced  pairs  of  rollers  R,  which  are  fixed  to  a 
deep  ^  girder  of  iron  13  centimetres  deep  and  10  centimetres  broad, 
fitted  with  fourteen  stiffening  gussets.  Each  bar  is  21  mm.  broad  and 
5  mm.  thick.  Each  has  a  separate  series  of  rollers  which  are  6  mm. 
apart.  The  platinum  bar  is  the  upper  and  is  pierced  near  each  end 
by  an  oblong  hole  H  in  which  slide  two  pieces  of  brass  fixed  to 
the  brass  bar.  Along  one  side  of  these  openings  where  the  two 
scales  are  thus  brought  into  contact  are  the  fine  lines  which  form 
the  reference  marks  of  the  standard.  The  outer  end-divisions  of  the 
two  scales  are  numbered  respectively  0  and  100  and  are  approximately 
4  metres  apart,  forming  the  terminations  of  the  4-metre  standard  of 
length.  For  six  centimetres  inside  each  of  the  terminal  lines  the  edge 
of  the  opening  is  divided  into  tenths  of  millimetres  and  the  whole 
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The  4 -metre  Comparator  in  position. 
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length  of  the  platinum  bar  is  divided  into  eentimetres.  The  small 
brass  pieces  sliding  in  the  openings  of  the  platinum  bar  are  similarly 
divided  into  tenths  of  millimetres.  The  rollers  are  very  accurately 
adjusted  so  that  no  strain  is  placed  on  the  bar. 

The  following  is  a  summary  of  the  final  result  of  the  comparisons 
made  at  the  Bureau  des  Poids  et  Mesures,  and  a  copy  of  the  certificate 
is  given  in  Appendix  II : — 

C'oofficient  of  expansion  of  platinum    8-774x  lO-H  +  l'TOx  10-6t» 

of  brass   18-0t;7  x  10-«t  +  G x  lO-^t^ 

Lonjrth  of  platinum  scale  at  ()°C   4,000-1058  mm. 

The  certificate  shows  the  very  complete  nature  of  the  tests  to  which 
the  bar  was  subjected. 

For  obtaining  the  length  of  metallic  wires  and  tapes  in  terms  of  this 

bar,  there  are  now  at  Helwan  Observatory  : — 

A  -i-nu'tre  comparator  in  which  the  Briinncr-Ihantv.  bar  and  tlic  invar 

secondary  standard  can  be  placed  for  comparison  ; 
An  invar  4-nietre  bar  as  a  secondary  stan<iar(i  ; 
A  24-metre  base  in  a  special  buildinji'  ."iO  metres  long  ; 
A  lOO-metre  base  out  of  doors  ; 

A  t500-metro  base  laid  out  on  the  liin<!st()ne  desert  to  the  east  of  the  Helwan 
Observatory. 

These  means  of  obtaining  accurately  the  length  of  base-lines  in  terms 
of  the  4-metre  standard  bar  will  be  shortly  described, 

4-Metre  Comparator. 

The  design  of  the  comparator  has  been  regulated  by  several  con- 
siderations. In  the  first  place  the  Briinner  bar  has  a  considerable 
amount  of  steel  fittings,  including  the  axes  of  the  rollers  on  which  the 
scales  rest.  It  is  obviously  inadvisable  to  place  the  bar  in  water, 
and  after  careful  consideration  M.  Benoit  was  of  opinion  that  it  was 
dangerous  to  immerse  it  in  a  liquid  at  all.  Accordingly  all  the  com- 
parisons made  at  Breteuil  were  conducted  in  air,  the  necessary  range 
of  temperature  being  obtained  by  working  at  different  seasons  of  the 
year.  The  comparator  at  Helwan  is  therefore  not  a  water-bath 
comparator,  though  it  has  been  designed  so  that  it  could  easily  be 
converted  into  one  at  a  trifling  cost.  Again,  the  great  depth  of  the 
Briinner  standard  necessitated  a  deeper  tank  with  greater  range  of 
the  adjusting  screws  than  is  required  for  the  comparison  of  more 
modern  standards  of  length. 
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The  instrument  which  is  installed  in  the  comparator  house  has  been 
made  by  Messrs.  Troughton  and  Simms,  of  London,  from  the  designs 
of  Mr.  B.  F.  E.  Keeling,  who  was  kindly  permitted  by  the  Director  of 
the  National  Physical  Laboratory  at  Bushey  Park,  London,  to  use  the 
drawings  which  he  had  made  when  there  for  a  somewhat  similar 
apparatus.  A  general  view  of  the  instrument  is  shown  in  Plate  X  and 
drawings  are  given  in  Plates  VII  and  VIII.  The  bars  to  be  compared 
are  placed  in  a  large  tank  which  is  made  of  copper  about  1-5  mm.  thick, 
and  which  is  40  centimetres  wide,  45  centimetres  deep  and  450  centi- 
metres long  ;  it  is  covered  by  a  lid  also  of  sheet  copper.  This  tank  is 
covered  on  the  outside  with  thick  asbestos  board,  and  outside  that  is 
two  inches  of  Spanish  mahogany,  the  lid  being  similarly  covered  on  the 
under  side.  Each  end  of  the  tank  is  formed  of  a  brass  plate  1  centimetre 
thick  which  serves  to  support  the  adjustable  brackets  carrying  the 
girders  on  which  the  standard  bars  rest.  These  girders  are  made  of 
cast  gun-metal  in  channel  form  and  have  several  stiffening  webs  along 
the  length  of  the  girders.  The  upper  flange  is  planed  and  surfaced 
to  form  a  slide  for  the  rollers  supporting  the  scales,  and  for  the 
supports  for  the  thermometers. 

Each  girder  is  fitted  with  three  levelling  screws,  one  at  one  end 
resting  in  a  conical  hole  on  the  supporting  bracket  at  that  end,  and 
two  at  the  other  end,  of  which  one  rests  in  a  V-shaped  slot  and  the 
other  on  a  plane  surface  on  the  supporting  bracket.  A  detailed 
drawing  of  the  supporting  brackets  is  given  in  Plate  VIII.  In  this 
figure  A  is  the  bracket  on  which  the  single  screw  end  of  one  girder  G 
(see  Plate  VII)  rests,  and  B  is  the  bracket  on  which  the  double  screw- 
end  of  the  second  girder  rests.  The  brackets  mo\e  in  vertical 
slides  CC  and  are  raised  or  lowered  by  the  screws  (of  2  mm.  pitch)  SS, 
the  weight  being  taken  by  the  bearings  DD.  On  the  bracket  A  shdes 
a  plate  E  in  which  is  the  conical  hole  above  referred  to.  This  plate 
can  be  moved  through  a  range  of  about  2  centimetres  by  means  of 
the  screw  G  which  is  actuated  by  the  bevel  wheels  H,  the  direction 
of  motion  being  along  the  length  of  the  tank.  By  similar  means  the 
plate  I  on  which  are  the  plane  and  the  V-shaped  slot  can  be  moved  by 
the  screw  and  bevel  wheels  K  at  right  angles  to  the  length  of  the  bar. 
At  the  other  end  of  the  tank  the  girder  G  rests  on  a  plate  similar  to  I 
and  the  other  girder  G'  rests  on  one  similar  to  E.  With  these  brackets 
either  of  the  girders  may  be  raised  or  lowered  at  each  end,  and  at  the 
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PLATE  XI. 


PLAN  OF  THE  24-METRE  COMPARATOR  HOUSE. 
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same  time  may  be  moved  slightly  along  the  length  of  the  girder  by  H, 
while  the  direction  of  the  length  may  be  slightly  altered  in  azimuth  by  K. 

The  tank  is  supported  on  two  5-inch  steel  channel  girders  (PlateVII) 
and  braced  along  its  length  by  steel  plates.  The  ends  of  the  tank 
are  stiffened  and  held  rigid  by  the  cast-iron  brackets  S,  which  are 
bolted  to  the  channel  girders,  so  that  there  is  no  tendency  to  crumple 
the  tank.  These  girders  rest  on  the  cast-iron  carriages  R,  the  distance 
between  the  centres  of  the  carriages  being  3  metres.  Each  carriage 
runs  on  two  wheels,  the  length  of  the  wheel  base  being  1  metre  ;  the 
wheels  on  the  left-hand  carriage  are  V-shaped  with  a  60°  angle,  those  on 
the  right-hand  carriage  being  cylindrical,  and  the  former  run  in  corre- 
sponding V-shaped  rails  whilst  the  latter  run  on  flat  rails.  Each  wheel 
is  attached  to  the  carriages  by  motor  ball-bearings  placed  at  the  outer 
ends  of  the  wheel-axes.  The  rails  being  at  right  angles  to  the  length  of 
the  tank,  the  latter  can  be  moved  transversely  to  its  length.  The  tank 
is  moved  on  the  rails  by  means  of  a  central  rack  geared  with  the  worm- 
wheel  0  which  is  turned  by  the  hand- wheel  P  at  the  end  of  the  long 
shaft.  One  revolution  of  the  hand-wheel,  which  is  12  inches  in 
diameter,  advances  the  tank  1  inch.  A  slow  motion  consisting  of  a 
worm-wheel  T  fixed  to  the  shaft,  and  a  worm  driven  by  the  hand-wheel 
U,  which  can  be  thrown  in  and  out  of  gear  by  an  eccentric,  is  also 
provided,  so  that  micrometric  motions  can  be  given  to  the  tank. 

The  two  bars  to  be  compared  are  supported  on  the  girders  G  and  Gr\ 
placed  at  a  suitable  distance  apart.  The  reference  marks  upon  them 
are  viewed  by  the  vertical  microscopes  M,  through  sight-holes  drilled 
through  the  lid.  These  microscopes,  which  are  at  present  two  in 
number,  have  been  made  by  the  "  Societe  Genevoise  pour  la  construction 
d'Instruments  de  Physique  "  according  to  the  model  recommended  by 
the  "  Bureau  International  des  Poids  et  Mesures  "  ;  and  are  arranged  so 
that  the  distance  from  the  object-glass  to  the  object  is  about  11  centi- 
metres, whilst  the  distance  from  the  object-glass  to  the  plane  of  the 
cross-hairs  of  the  micrometer  is  40  centimetres.  Three  pairs  of  movable 
cross-hairs  with  varying  distances  between  the  hairs  are  provided  to 
allow  for  observing  divisions  of  different  coarseness  on  different  bars. 
The  magnification  of  the  microscope  is  ordinarily  about  80,  though  a 
pair  of  more  powerful  eye-pieces  is  provided.  The  pitch  of  the  micro- 
meter screw  is  such  that  one  revolution  corresponds  to  one-tenth  of  a 
millimetre  on  the  object,  and,  as  the  micrometer  drum  is  divided  into 
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one  bundled  parts,  microns  (thousandths  of  a  millimetre)  are  read 
directly,  and  tenths  of  microns  by  estimation.  In  the  tube  of  the 
microscope  immediately  above  the  object-glass  is  placed  a  plate  of  thin 
specially  chosen  glass  inclined  at  45°  to  the  line  of  collimation,  by  which 
light  is  reflected  down  on  to  the  scale  from  a  small  8-volt  electric  lamp. 

The  house  in  which  the  comparator  is  placed  has  been  built  of  the 
local  limestone  and  is  double-valled,  so  that  the  temperature  changes 
in  the  comparator  room  may  be  small.  A  plan  and  cross-section  of 
the  house  is  given  on  Plate  VI.  The  walls  are  each  45  centimetres 
thick  and  are  carried  down  to  the  solid  rock,  the  footings  being  55 
centimetres  thick.  There  is  a  porch  on  the  east  side  so  that  there  are 
three  doors  between  the  outside  air  and  the  comparator  chamber. 
The  inside  walls  are  covered  with  white  plaster  of  good  quality  to 
reduce  the  amount  of  dust,  the  walls  in  the  air  space  being  left  rough. 
The  floor  of  the  porch  and  of  the  passage  is  of  concrete  faced  with 
cement,  the  inner  floor  being  of  wood  carried  on  joists  hung  from  the 
walls.  The  roof,  like  the  wall,  is  double,  and  is  formed  of  brick  jack 
arches  supported  on  steel  joists.  Above  the  brickwork  is  a  bed  of 
rubbish,  above  this  being  15  centimetres  of  lime  concrete,  the  outer 
roof  having  in  addition  a  layer  of  asphalt  2  centimetres  thick, 
graded  to  three  rain  pipes  which  discharge  on  to  the  ground  outside. 
In  the  north  walls  are  two  small  windows,  the  outer  ones  being 
furnished  with  wooden  shutters. 

The  microscopes  of  the  comparator  are  carried  by  brick  pillars 
which  have  been  built  up  from  the  hmestone  rock  and  are  80  centi- 
metres by  35  centimetres  in  cross-section,  the  footings  below  the  floor 
being  25  centimetres  larger.  They  are  capped  by  single  stones 
125  centimetres  long,  35  centimetres  broad  and  25  centimetres  deep, 
which  are  cemented  to  the  pillars  so  that  they  overhang  equally  at  the 
two  ends.  The  iron  socket  of  the  microscope  is  secured  into  the  end 
of  the  stone  next  the  comparator  tank  by  rag-bolts  set  in  cement. 
These  sockets,  which  are  very  substantial,  have  small  adjustments  in  all 
directions,  so  that  they  may  be  accurately  levelled,  aligned  and  spaced. 
Five  sockets  on  a  corresponding  number  of  pillars  are  provided,  with 
intervals  of  1  metre  between  the  centre  lines  of  adjacent  pillars. 

The  microscopes  being  fixed,  the  two  bars  to  be  compared  can  be 
brought  into  the  field  of  view  in  succession  by  means  of  the  traversing 
worm,  and  can  be  focussed  and  accurately  aHgned  by  the  adjusting 
screws  of  the  end  brackets  supporting  them. 
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Interior  View  of  the  24-metre  Comparator  House. 
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The  temperature  of  the  inside  of  the  tank  is  determined  by  eight  sym- 
metrically placed  thermometers,  which  are  carried  horizontally  by  wire 
forks  attached  to  brass  pieces  sliding  along  the  gun-metal  girders  G,  G, 
so  that  they  can  be  placed  at  the  desired  position.  The  lid  is  made  in 
four  overlapping  sections  so  as  to  be  easily  removable,  and  the  thermo- 
meters are  viewed  through  good  plate-glass  windows  in  it  two  centi- 
metres broad.  Sliding  along  a  central  brass  slide  on  the  outside  of  the 
lid  are  the  supports  for  the  eight  vertical  microscopes  by  which 
the  thermometers  are  read. 

For  use  in  the  comparator  ten  thermometers  have  been  purchased. 
They  are  made  of  XVP"  Jena  glass.  The  thermometers  are  divided 
into  tenths  of  degrees  from  2°  to  -f-  52°  C.  Above  the  latter  division 
is  a  small  chamber  and  above  this  the  degrees  98°  to  102°  are  marked. 
In  this  way,  without  being  of  undue  length,  a  thermometer  is  obtained 
which  is  sensitive  over  the  particular  range  required,  and  has  at  the 
same  time  the  advantage  that  its  fundamental  interval  can  at  any  time 
be  determined.  The  thermometers  have  been  compared  by  Dr.  J.  A, 
Harker  at  the  National  Physical  Laboratory  of  England  with  the 
standard  Baudin  thermometers  belonging  to  that  institution,  the 
fundamental  points  0°  C.  and  100°  C.  being  of  course  independently 
determined. 

24-METRE  Comparator  (Plates  V,  XI  and  XII). 

This  has  been  modelled  on  that  in  use  at  the  "  Bureau  International 
des  Poids  et  Mesures,"  but  the  hard  nature  of  the  rock  made  it 
impracticable  to  use  an  underground  chamber  such  as  exists  at  the 
Bureau  and  the  comparator  building  is  above  ground.  It  is  shown 
in  plan  in  Plate  XI.  The  building  is  of  stone,  and  is  twenty-eight 
metres  long,  five  metres  broad,  and  the  height  to  the  ceiling  is  three 
metres.  It  is  entered  by  porches,  each  with  two  doors,  placed  at  the 
ends.  Light  is  obtained  from  a  series  of  windows  in  the  north  wall. 
The  roof  is  double,  the  outer  one,  which  is  sloping  being  covered  on 
the  outside  with  red  tiles  and  on  the  inside  with  wood  boards,  so  that 
there  is  a  space  of  15  centimetres  between ;  the  inner  roof  which 
forms  the  ceiling  is  of  wood.  The  floor  of  the  building  is  of  concrete 
rendered  with  cement. 

Inside  the  building  are  the  reference  marks  of  the  comparator,  which 
are  shown  in  Plate  XI.  They  are  mounted  on  seven  piers  each  60  centi- 
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metres  square,  which  are  carried  down  to  the  rock  and  isolated  from 
the  jfloor  by  brick  retaining-walls  ;  there  is  also  an  eighth  pillar  one 
metre  distant  from  the  seventh.  The  others  are  placed  four  metres 
from  centre  to  centre  and  are  built  of  brick  set  in  cement  which  is 
carried  up  to  100  centimetres  above  the  floor  level.  Securely  bolted 
on  to  each  pier  are  the  heavy  cast-iron  brackets  B  which  carry  the 
reference  marks.  The  brackets  are  T-shaped  and  project  10  centi- 
metres outside  the  piers  as  shown  at  C.  Screwed  into  a  shallow 
groove  on  the  outer  vertical  face  D  are  small  nickel  plates  (E,  Fig.  3) 
four  centimetres  square,  which  are  highly  polished  and  carry  two  fine 
marks  one  millimetre  apart  which  form  the  reference  marks  of  the 
comparator.  There  are  thus  six  four-metre  distances  along  the  length 
of  the  building  with  their  ends  defined  by  the  marks  on  the  nickel 
plates,  forming  in  all  a  length  of  twenty-four  metres,  besides  an 
additional  metre  to  extend  the  length  to  twenty-five  metres  for  use 
when  standardizing  the  older  Jaderin  wires  from  Stockholm  which 
are  of  this  length. 

A  base  100  metres  long  for  the  comparison  of  100-metre  tapes  has 
been  installed  at  the  Observatory  outside  the  comparator  houses. 

Another  base  600  metres  long  has  also  been  laid  down  on  the  lime- 
stone desert  to  the  east  of  the  Observatory,  and  the  length  of  this  has 
been  carefully  determined  by  means  of  the  invar  wires  to  be  600-3563 
metres  as  already  stated  on  page  160. 


PLATE  XIII. 


daderin  Wires  in  use  in  the  Desert. 
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CHAPTER  XII. 
Base  Measurements. 

No  portion  of  the  survey  has  been  more  inconvenienced  by  the 
necessity  for  rapid  execution  of  the  work  than  the  measurement  of  the 
base-lines.  At  first  no  satisfactory  standard  of  length  was  available, 
so  that  a  simple  form  of  measuring  apparatus  had  to  be  prepared  for 
immediate  use,  then  the  100-metre  steel  tape  was  obtained,  and  a  year 
later  two  pairs  of  Jaderin  wires  made  of  brass  and  steel,  the  length  of 
which  had  been  determined  at  Stockholm,  were  received ;  finally,  in 
1906  the  new  pattern  apparatus  for  using  invar  wires  of  the  Jaderin 
type  arrived,  and  was  taken  into  use  with  the  old  wires  until  such  time 
as  the  comparison  between  the  4-metre  standard  bar  and  the  new 
invar  wires  had  been  carried  out  by  the  staff  of  the  Observatory. 
Thus  in  this  as  in  other  branches  of  the  work  a  gradual  advance 
was  made  from  more  simple  to  more  precise  methods  as  rapidly  as 
was  practicable  without  checking  the  rate  of  work. 

The  narrow  valley  of  the  Nile  is  unsuitable  for  large  triangles,  so 
that  the  average  length  of  the  sides  employed  in  the  second  order 
triangulation  did  not  exceed  17  kilometres,  and  the  increase  of  errors 
due  to  the  angular  measurements  was  most  conveniently  controlled  by 
measuring  short  bases  of  from  2-5  to  3-5  kilometres  in  length  at  intervals 
of  about  150  kilometres.  Also  as  each  province  formed  a  group  of 
villages  of  which  the  cadastral  maps  and  land-registers  had  to  be  com- 
pleted by  a  given  date,  it  was  convenient  to  have  a  base-line  at  or  near 
the  end  of  each  province,  so  that  the  second  order  triangulation  might 
be  computed  and  adjusted  with  as  little  delay  as  possible.  The  result 
has  been  to  increase  the  number  of  base-lines  above  what  would  have 
been  used  had  not  the  rapid  execution  of  the  detailed  measurements 
and  the  speedy  production  of  the  large-scale  maps  of  successive 
provinces  been  of  primary  importance. 


The  following  is  a  list  of  the  base-lines  which  have  been  measured 
from  1898  to  1908  :— 


August,  1898... 
Septeinb(>r,1808 
August,  1900... 
June,  1901  ... 
April,  1902  ... 
April,  1902  ... 
May,  1903  ... 
October,  1903... 
December,  1903 
February,  1904 
April,  1904  ... 
November,1904 
December,  190.5 
December,  190(5 
February,  1907 
August,  "1907... 


Place. 


Badroshcin ... 

Matania  

Sella   

Moqattain  ... 
(lebcleiu 

Ambir  

jLcnia   

Adilemlan  ... 

Dakka  

Khattara 

Hoda  

Feshn  

Tel  el  Kebir  . 
Waked...  ... 

Ras  el  Klialig 
Halq  el  (Tamal 


rroviiK'e. 


Giza.. 


Fayum ... 
(^aliubia. 
Qena..  ... 
Girga.  .., 
Assiut  .., 
Aswan  .., 


Minia  ... 
Belli  8ueE 
Sliarqia  . 
Bolieira  . 
(rliarbia  . 
Beheira  . 


Length 


metres. 


3,249 
2,629 
2,902 
3,390 
2,305 
2,324 
2,800 
2,001 
2,t)99 
2,0.50 
2,741 
2,705 
2,105 
3,528 
3,897 
3,208 


Base  iipiwiratiis  used. 


.5-metre  fir  rods. 

100-metre  steel  tape. 
50-nietre  Jiiderin  wires 


100-metre  steel  tape. 


25-1 


letre  Jiiderin  wires. 


The  first  piece  of  work  to  be  done  when  the  Survey  Department  was 
formed  in  1898  was  to  re-measure  two  sides  of  the  triangulation  of  Giza 
province  with  such  apparatus  as  was  immediately  available,  since  the 
co-ordinates  of  the  points  had  been  computed  from  a  base  measured 
in  1897  with  a  steel  tape  but  no  corrections  had  been  applied  to  the 
results.  This  was  done  in  August  with  the  5-metre  fir  rods  which 
have  already  been  described  in  the  last  chapter.  Later  on,  as  work 
developed  and  opportunity  was  afforded,  improved  methods  were 
introduced  to  diminish,  as  far  as  possible,  the  uncertainty  caused  by 
the  wide  range  of  temperature  which  was  often  encountered  in 
measuring  base-lines  on  the  desert,  where  the  bases  were  always 
situated,  since  marks  in  the  cultivated  lands  were  very  liable  to  be 
removed.  In  the  following  pages,  details  wiU  be  given  of  the  various 
base-measuring  operations  which  have  taken  place  from  August, 
1898,  when  such  work  was  first  commenced,  to  1908,  after  which  year 
the  improved  Jaderin  apparatus  and  the  wires  of  invar,  which 
have  been  compared  with  the  Briinner-Ibanez  bar  will  be  exclusively 
employed. 


•  A.  =  Triple-metre  standard  see  p.  1,50 
B.  =  Jiiderin  25-metre  wires  from  Stockholm. 
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Badreshein  Base. 

In  the  summer  of  1898,  a  base  was  measured  between  the  triangula- 
tion  points  Nos.  186  and  191  in  Giza  province,  on  the  railway  just 
south  of  Badreshein  station.  The  side  of  the  triangle  lay  parallel  to 
the  western  rail  of  the  single  line  of  railway  which  then  existed,  and 
two  metres  from  it,  so  that  the  measurement  was  carried  out  between 
two  points  on  the  rail  which  were  nearly  opposite  to  the  triangulation 
points,  and  the  resulting  length  was  then  corrected  to  the  triangulation 
points  so  as  to  give  the  total  length  between  the  two  terminal  points  of 
the  side.  The  5-metre  fir  rods  were  verified  on  the  bed,  the  length  of 
which  had  been  determined  by  comparison  with  the  steel  triple-metre, 
with  the  result  that  the  length  of  the  bed  was  found  to  be  : — 


Elite. 

Mean  Temiieriiture. 

Leiigtli  ill  metres. 

Mean  length  in  metres. 

°  C. 

June  20-21,  1898   

27-5 

5-00949 

27-5 

5-00952 

5-00950 

August  5,  1898  

28-3 

5-00928 

27-8 

5-00930 

5-00929 

End  August,  1898  

28-0 

5 -00890 

5-00896 

The  Badreshein  base  was  measured  on  the  2nd  and  3rd  of  August, 
1898,  the  rods  being  compared  with  the  bed  before  and  after  each 
measurement,  with  the  following  results  : — 


Date. 

Hour. 

Rod  No.  1. 

Rod  No.  2. 

Rod  No.  1 
-1-  Rod  No.  2. 

30  lengths  of  2 
rods  eaoh. 

Aug.  2,  1898. 

8.30  a.m. 

noon. 
3.15  p.m. 
7.0  p.m. 

111. 

5-00278 
5-00273 
5-00259 
5-00200 

111. 

5-00203 
5-00199 
5-00214 
5-00150 

111. 

10-00481  i 
10-00472  1 
10-00473  1 
10-00350  I 

111. 

300-1428 
300-1233 

Aug.  3,  1898. 

6.15  a.m. 
11.20  a.m. 
4.45  p.m. 

5-00238 
5-00203 
5-00245 

5-00146 
5-00130 
5-00152 

10-00384  ) 
10-003.33 
10-00397  ) 

300-1074 
300-1095 

♦ 
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The  base  was  divided  into  eleven  sections,  of  which  numbers  one  to 
ten  each  contained  about  300  metres  or  60  rod-lengths,  while  the  last 
equalled  49  rod-lengths ;  the  measurements  were  made  in  the  forenoon, 
and  again  in  the  afternoon  in  the  reverse  direction  on  the  second  day, 
so  that,  during  the  two  days,  the  base  was  measured  three  times  from 
north  to  south,  and  once  from  south  to  north.  The  results  are  given 
in  the  following  table  : — 

Badreshein  Base. 


From  triangulatioii  point  No.  180  to  point  No.  191;  measured  August  2-3, 1898. 


roition. 

1st 

inca-sureiiR'nt 
N.— S. 

2iid 
ineasurciiieiit 
N.— S. 

;!nl 

iu«:xsureiiieiit 
N.-S. 

•itii 

uieasureiuent 
S.-N. 

Mwui. 

Ill . 

111. 

111. 

m. 

111. 

1  

,-500  •14,12 

•11.50 

•1120 

•1089 

;500^1198 

2  

;{00^14.-$2 

•1177 

•1148 

•107t') 

;500^1208 

"j 

;i00^14-52 

•1147 

•1149 

•1027 

:^00^1189 

4  

300^1i;i2 

•1277 

•12:53 

•1143 

;wo-i27i 

.5  

;«)()•  I4;i2 

•1284 

•1214 

•  1083 

3O0^12.o3 

(1  

;}o:)^i4;52 

•1290 

•J241 

•iirx) 

;5O0'1278 

7  

;5',)o^i4;{2 

•1347 

•  1248 

•  1207 

300^1309 

8  

.■500  •14:52 

•i:-562 

•1218 

•1219 

300^i;-508 

9  

.•500-Ll:;2 

•1392 

•1220 

•1203 

;500^1312 

10  

•500  •14:52 

•1412 

•1188 

•11H9 

300^1300 

11  

245^1197 

•1172 

•1009 

•09(50 

24.5-1084 

Total... 

3,246^o517 

•4010 

•2988 

•2:526 

3,246-3710 

(Jorrection  to  extend  base  from  north  mark  on  rail  to  triangu- 

lation  point  No.  186  at  north  end   -t-  0*0070 

Correction  to  extend  ba.se  from  south  mark  on  rail  to  triangu- 

lation  point  No.  191  at  south  end   -f  2.2742 


Total  length  of  side  186-191  in  metres    .3,248 -6522 


Probable  error  ±  15 '0  millimetres. 

The  sections  were  laid  down  on  the  rail  during  the  first  measure- 
ment, by  scribing  a  line  on  the  rail  surface  at  the  end  of  each  section, 
and  these  marked  points  were  measured  to  at  each  subsequent  measure- 
ment. In  order  to  utilize  the  results  at  once,  it  was  necessary  to  carry 
out  the  work  during  the  hottest  time  of  the  year,  and  the  bed  for 
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verifying  the  rods  had  to  be  kept  in  the  shade  in  a  house  ;  consequently, 
the  rods  had  to  be  carried  back  for  verification  after  use,  which  explains 
throe  out  of  four  measurements  being  made  in  the  same  direction.  The 
rods  were  laid  in  position  by  Egj-^jtian  chainmen,  after  they  had  had 
some  preliminary  training  in  the  work,  and  the  measuring  was  super- 
intended and  recorded  by  an  English  inspector. 

Matania  Base. 

A  second  base  was  measured  a  month  later  at  Matania,  about  32  kilo- 
metres further  south,  on  September  1, 1898,  between  triangulation  point 
No.  1  and  point  No.  2.  The  5-metre  rods  were  used,  and  the  measure- 
ments were  carried  out  in  the  same  manner,  but,  the  length  being 
less,  it  was  possible  to  complete  one  measurement  in  each  direction 
in  the  forenoon,  and  another  pair  in  the  afternoon  ;  the  first  two  were 
made  between  10  a.m.  and  12 . 45  p.m.,  and  the  others  between  2 . 28  p.m. 
and  4.45  p.m.  The  rods  were  verified  before  and  after  work  at  5-30 
a.m.,  when  the  temperature  was  21°  C,  at  1  p.m.  when  it  was 
35°  C,  and  again  at  2 . 15  p.m.  and  at  8 . 30  p.m.  when  it  was  respectively 
35°-5  C.  and  26°  C. 

The  rod-lengths  at  the  different  times  were  :  * — 


Date. 

Time. 

Rod.  No.  1. 

Kod.  No.  2. 

Kods  Xo.  1  -f-  No.  2. 

111. 

111. 

in. 

Sept.  1,  18D8 

\ 

1 

5.30  a.m. 
1.  0  p.m. 
2.15  „ 
8.30  „ 

5 •00270 
5-00185 
5-00216 
5-00245 

5-00185 
5-00102 
5-00131 
5-00172 

10-00461 
10-00287 
10-00347 
10-00417 

The  same  procedure  was  followed  in  measuring  as  at  Badreshein. 
Thirty  lengths  of  the  two  rods  were  marked  off  on  the  rail  at  the 
first  measurement  in  the  early  morning  and  then  the  distances  between 
these  marks  were  re-measured  three  times,  the  mean  of  the  four 
measurements  being  taken,  when  corrected  for  temperature,  as  being 
the  true  length  of  the  section. 


*  The  pair  of  rods  used  was  probably  not  that  used  at  Badreshein,  but  no  de&uite  record  on 
tliU  point  exists. 

12 
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The  results  of  the  four  measurements  are  given  in  the  following  table 
in  metres : — 


1st 

2n(l 

:ird 

■nil 

Menu. 

Section. 

measurement 

measurement 

measurement 

meaeurement 

XT  c; 

l> . — r». 

_. 

m. 

m. 

m. 

1 

300-1257 

-0823 

•0968 

- 1195 

300  lObl 

2 

300-1257 

•0925 

1074 

•1298 

300^1138 

8 

300-1257 

-0983 

•1147 

•1319 

300 • 1176 

i 

300-1257 

-0987 

-1072 

•  1295 

dOu  11.).) 

5 

300 •1357 

•1003 

•1142 

•1321 

300^]181 

6 

300-1257 

-1023 

•1146 

-1294 

300-1180 

7 

;iOO-1257 

-1104 

-1167 

•1272 

300-1200 

8 

300-1257 

•1057 

•1197 

•1240 

300-1188 

9 

225  0913 

•0742 

-0878 

•0963 

225-0881 

Total... 

2,620-0999 

2,625-8647 

2,625-9791 

2,626  •  1197 

2,626-0158 

(!ori-(!ction  to  extend  base  from  7ioi-tli  mark  on  rail  to  triangu- 

lation  point  at  north  end   +  ^0289 


Correction  to  extend  base  from  south  mark  on  rail  to  triangn- 

lation  point  at  south  end   +  2-7547 

Total  length  of  side  No.  1  —  No.  2    2,628- 7994^ 

Probable  error  ±  14-0  millimetres. 

The  lengths  of  the  sides  1-2  near  Matania  and  186-191  near  Bad- 
reshein  differed  largely  from  the  values  obtained  previously  by  a 
single  measurement  with  the  steel  tape  when  uncorrected  for  error, 
temperature  and  tension  : — 


Base. 

steel  tape. 

Kir  roils. 

Difference. 

m. 

m. 

m. 

Badreshein   

3,249-87 

3, 248^6522 

1-22 

Matania  

2,629^05 

2,628^7994 

0^25 

The  first  computation  of  the  triangulation  had  been  based  on  the 
measurements  made  with  the  steel  tape,  and  the  traverse  lines  of  a 
certain  number  of  villages  had  been  adjusted  in  May,  1898,  to  trian- 
gulation points  so  determined.  The  values  given  by  measurement  with 
rods  were  certainly  more  accurate,  and,  therefore  a  new  computation 
of  the  traverse  lines  was  carried  out  in  all  villages  where  the  detail- 
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survey  had  not  been  actually  begun.  Each  village  being  at  this 
time  traversed  separately,  the  triangulation  points  were  only  used  to 
check  the  traverse  work,  and  not  to  lay  down  the  sheet  lines  of  maps, 
since  these  were  also  prepared  in  groups  each  of  which  contained  the 
lands  of  a  single  village. 

Seila  Base. 

The  next  province  to  be  triangulated  was  the  Fayum,  and  therefore 
a  base  was  measured  at  Seila,  on  the  desert  to  the  east  of  the  Fayum, 
on  the  10th,  11th  and  12th  of  August,  1900,  with  the  100-metre  steel 
tape  which  had  previously  been  compared  with  the  steel  triple-metre 
by  means  of  the  5-metre  fir  rods.  The  measurement  had  been  post- 
poned as  long  as  possible  in  the  hope  that  the  Jaderin  wires,  which  had 
been  ordered  from  Sweden,  would  arrive  in  time  to  be  used,  but  by 
August  the  length  of  the  base  was  urgently  needed  by  the  Computation 
Office,  and  its  determination  had  to  be  undertaken  at  once.  The  selected 
base,  which  was  about  2,900  metres  in  length,  was  divided  into  four 
portions,  three  being  700  metres,  and  the  fourth  800  metres  ill  length ; 
and  stout  wooden  pickets  were  driven  into  the  ground  at  intervals  of 
a  tape-length  apart.  On  the  head  of  each  picket  was  nailed  a  plate 
of  zinc,  with  fine  cross  lines  ruled  on  it  the  intersection  of  which  marked 
the  point  to  which  the  measurement  was  to  be  made.  The  base  was 
levelled  on  August  10,  1900,  and  the  meas- 
urements occupied  the  two  following  days, 
one  being  made  at  dawn  before  the  sun  rose, 
and  the  other  after  sunset,  since  the  sandy 
desert  became  so  intensely  heated  by  the 
sun's  rays  during  the  daytime  as  to  render  ^ 

it  inadvisable  to  measure  between  sunrise      „  ,  ,  .  « 

.  ,  ,         Sella  base  extension.* 

and  sunset.    The  air  temperature  was  de- 
termined  for  each  tape-length  by  sling  i^'aie  i :  soo.ooo 
thermometers  used  at  each  end  of  the  tape.    The  tape  was  laid  on 
blocks  of  wood  of  triangular  section,  in  order  to  reduce  friction  as 
much  as  possible,  so  that  it  rested  on  the  wooden  edges  of  the 
blocks,  and  for  only  about  two-thirds  of  its  length  on  the  surface  of 


*  The  thick  line  in  the  base  extension  diagrams  indicates  the  base,  and  the  double  line  a  side 
of  the  second  order  triangulation  network. 
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the  desert ;  it  was  strained  to  12  kilogrammes  by  means  of  a  spring 
balance  during  the  first  two  measurements,  and  to  15  kilogrammes 
during  the  last  two.  Uniformity  of  tension  was  secured  by  having 
the  tape  raised  clear  of  the  ground  just  before  the  measurement  by 
three  chainmen  at  equal  intervals,  who  then  lowered  it  gently  into 
position.  In  subsequent  measurements  with  the  tape  it  was  swung 
freely  over  rollers  or  on  hooks  hanging  from  wooden  pickets.  After  the 
measurement,  experiments  were  made  at  Giza  to  ascertain  the  effect  of 
sag  on  the  length,  and  the  necessary  correction  found.  The  difference 
between  the  end  of  the  tape  and  the  cross  on  the  picket-head  was  read 
off  with  the  aid  of  finely-divided  ivory  scales.  The  results  of  the  four 
measurements  are  given  in  the  following  table,  after  being  corrected 
for  the  error  of  the  tape,  for  temperature,  and  for  tension  : — 


Seila  Base. 


Section. 

Jst 

iiieasureinent. 

2ii(l 
iiieasiircmont. 

3rd 

measurement. 

4th 

measurement. 

Mean. 

ni. 

m. 

m. 

m. 

ni. 

I. 

IT. 
III. 
IV. 

700-6486 
700-6282 
700-4882 
800-6794 

700-6356 
700-6302 
700-4926 
800-6924 

700-6303 
700-6168 
700-4912 
800-6795 

700-6390 
700-6268 
700-4901 
800-6782 

700-6384 
700-62.55 
700-4905 
800-6824 

Sum ... 

2,902-4444 

2,902-4508 

2,902-4178 

2,902-4341 

2,902-4368 

Subtracting  a  correction  of  0-0089  metre  for  the  difference  of  level, 
and  0-0105  metre  for  the  reduction  to  sea-level,  we  obtain  for  the 
length  of  the  Seila  base  :  2,902-4174  metres  ±  0-0043  metre.  It  will 
be  observed  that  the  third  and  fourth  measurements,  made  at  an 
average  tension  of  about  15  kilogrammes,  gave  a  smaller  value  for  the 
length  of  the  base  than  the  two  first,  which  were  made  at  an  average 
tension  of  12  kilogrammes.  The  difference  is  due,  in  all  probability, 
to  the  selection  of  erroneous  values  for  the  coefficient  of  elasticity  of 
the  tape.  As  this  coefficient,  and  also  that  of  thermal  expansion, 
have  been  assumed,  the  above  probable  error  is  only  relative.  An 
error  of  5  per  cent  in  the  temperature  coefficient  would  make  a  differ- 
ence in  the  final  result  of  0-00174  metre  per  degree  centigrade  of 
difference  between  the  mean  temperature  at  which  the  base-line  was 
measured  and  that  at  which  the  tape  was  standardized.    As  the  two 
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did  not  differ  by  more  than  one  degree  Centigrade,  it  is  hoped  that  the 
error  introduced  from  this  cause  is  small  enough  to  have  no  significant 
effect  on  the  final  result. 

It  is  otherwise,  however,  with  the  error  arising  from  any  assumption 
of  inaccurate  values  for  the  coef&cient  of  elasticity  of  the  tape,  and, 
owing  to  the  difference  between  the  circumstances  in  which  the  base- 
line measurements  were  made  and  the  more  artificial  conditions  of  the 
standardization,  it  is  difficult  to  form  any  estimate  of  the  amount,  if 
any,  by  which  these  constants  are  in  error.  However,  the  length  of 
the  base  as  determined  by  measurement  differs  so  little  (0-03  metre) 
from  the  length  which  was  obtained  by  calculation  of  the  triangulation 
from  the  Feshn  base  in  Beni  Suef ,  which  was  measured  some  years  later 
with  Jaderin  wires,  to  that  of  Sella  in  the  Fayum,  that  it  may  be 
taken  as  being  amply  accurate  enough  for  its  purpose  in  the  circum- 
stances of  the  case. 

MoQATTAM  Base. 

The  next  base  was  measured  near  Abbassia  to  the  north  of  Gebel 
Moqattam  as  a  part  of  the  triangulation  of  Qaliubia  and  Daqahlia 
provinces.  * 

The  base  is  situated  about  one  hundred  metres  to  the  north  of  the 
old  Suez  road ;  the  eastern  terminal  is  on  the  hillock  near  the  first 
tower  and  a  few  metres  to  the  west  of  the  tower,  and  the  western 
terminal  is  on  rising  ground  close  to  the  first  bend  on  the  Suez  road.* 
The  terminals  consisted  of  gas-pipe  cemented  into  concrete  blocks, 
the  tops  of  which  were  flush  with  the  ground.  In  the  top  of  each  pipe 
was  screwed  a  brass  plug  on  which  a  finely  engraved  cross  marked  the 
actual  end  of  the  base-line ;  for  protection  a 
screw-cap  was  fitted  outside  the  top  of  the 
pipe. 

For  the  purposes  of  measurement,  the  base 
was  divided  into  four  sections,  the  various 
points  being  named  A,  B,  C,  D,  E,  from  east  '    Fig.  3. 

to  west.    A,  the  east  end  of  the  base,  was   Moqattam  base  extension, 
the  point  D  of  the  triangulation  network.  gcaie  i :  300,000. 


*  The  eastern  terminal  has  since  been  removed.  The  tower,  though  the  first  one  met  with 
after  leaving  Abbassia,  is  known  as  Second  Tower,  the  first  having  been  in  Abbassia. 
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The  intermediate  points  were  marked  by  stout  wooden  pickets  flush 
with  the  ground;  on  the  top  of  each  of  these  pickets  a  zinc  plate 
carrying  a  fine  transverse  hne  was  fixed. 

The  measurements  were  made  with  the  50- metre  Jaderin  wires 
which  had  recently  been  acquired  by  the  Department.  In  actual, 
measurement  the  wires  were  attached  to  light  cords  which  passed  over 
pidleys  supported  on  movable  brackets  which  were  carried  on  wooden 
trestles,  while  the  free  end  of  the  cord  bore  an  attachment  on  which 
leaden  weights  of  different  sizes  could  be  hung  in  order  to  produce  the 
desired  tension  in  the  wires.  Four  trestles  were  used  so  that  while 
one  50-metre  length  was  being  measured  the  next  two  could  be  pre- 
pared and  placed  in  line.  Between  the  wire  and  the  cord,  at  each  end, 
a  spring  balance  was  introduced  ;  at  one  end  this  simply  served  to  show 
when  the  tension  was  approximately  correct  and  to  lessen  possible 
shocks  to  the  wire.  At  the  other  end  the  balance  was  of  a  finer  descrip- 
tion and  could  be  read  by  estimation  to  tensions  of  0-05  of  a  kilogramme. 
The  combination  of  the  steel  and  brass  wires  gave  a  means  of  finding 
the  working  temperature.  The  wires  had  been  standardized  in  Sweden 
at  a  tension  of  10  kilogrammes  weight,  but,  on  account  of  difficulties 
with  the-  spring-balances,  tensions  of  7  kilogrammes  were  used ;  the 
finer  spring-balance  was  read  simultaneously  with  the  scales  on  the 
wires  and  the  necessary  corrections  were  made  in  computation. 

After  the  three  intermediate  marks  had  been  placed  they  were  found 
to  be  respectively  10,  10  and  1  centimetres  out  of  the  direct  line,  all  in 
the  same  direction,  but  the  corrections  in  length  due  to  inaccuracy  of 
aUgnment  were  negligible.  Operations  began  on  June  2nd  and  lasted 
till  June  8th. 

The  procedure  adopted  was  to  align  the  tripods  which  marked 
the  ends  of  the  wires  by  means  of  a  theodolite  placed  20  metres 
behind  one  sectional  mark  and  coUimated  on  it  and  the  next.* 
The  tripods  were  first  set  up  at  approximate  distances  of  50 
metres,  but  with  the  tripod-heads  well  out  of  line ;  then,  com- 
mencing with  the  farthest,  the  heads  were  brought  into  Hne  and 
clamped ;  finally  the  tripod  over  the  sectional  mark  was  placed  in 
position.    Similarly  the  second  half  of  the  section  was  aligned  by 


•  Extra  tripods  up  to  a  total  of  eleven  were  employed  on  this  base  to  expedite  the  work. 
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placing  a  tripod  over  the  penultimate  tripod  of  the  first  half  and 
proceeding  as  before.  In  this  way  the  danger  of  moving  the  last  tripod 
was  minimized. 

At  the  beginning  and  end  of  each  section,  the  horizontal  distance, 
in  the  direction  of  the  base,  between  the  needle  in  the  tripod  head  and 
each  terminal  mark  of  the  sections  was  found  by  setting  up  a  theodolite 
on  a  perpendicular  off-set  from  the  mark,  and  measuring  on  an  ivory 
scale  the  distance  when  it  was  small,  and  on  a  20-metre  steel  tape 
when  it  was  more  than  30  centimetres. 

Preliminaries  having  been  settled,  two  trestles  were  placed  in  position 
to  support  the  wire,  and  the  movable  brackets  adjusted  until  the  wire 
hung  just  clear  of  the  needles.  All  being  ready  one  of  the  observers 
signalled  with  a  whistle  and  simultaneously  each  reader  noted  the  scale 
divisions  opposite  his  needle-point  and  the  tension  was  recorded.  The 
wire  was  then  shifted  slightly  and  a  second,  and  then  two  more  obser- 
vations made.  This  completed  a  set  with  one  wire,  which  was  then 
unslung  and  exchanged  for  the  other,  when  the  complementary  set 
was  made.  The  wires  when  not  in  use  were  supported  by  men,  so  that 
their  temperature  would  be  that  of  the  air,  and  that  there  would  be  no 
chance  of  undue  heating  from  contact  with  the  soil. 

As  soon  as  one  50-metre  length  was  completed,  the  trestle  at  the 
beginning  was  carried  forward  to  the  next  vacant  tripod,  while  the  fifth 
observer  commenced  finding  the  difference  in  altitude  between  the 
tripod  heads.  While  the  readings  were  in  progress,  one  of  the  observers 
took  the  air  temperature  with  a  sling  thermometer,  but  no  ultimate  use 
was  made  of  this  in  computation. 

The  scale  readers  occasionally  changed  ends,  to  eliminate  as  far  as 
possible  any  tendency  to  personal  equation  in  reading  or  estimating 
scale  divisions. 

Work  proceeded  without  noteworthy  check  except  on  two  occasions, 
on  one  of  which  it  was  necessary  to  increase  the  tension  to  11  kilo- 
grammes in  order  to  clear  a  bank.  The  other  difficulty  occurred  at  the 
west  end  of  the  base  where  the  point  E  is  situated  on  the  top  of  the  small 
but  steep  hillock,  so  that  the  last  tripod,  which  overshot  the  terminal 
point  by  10  metres,  was  not  visible  from  the  penultimate  one.  To  get 
over  the  difficulty  the  25-metre  wires  were  brought  into  use  and  the  last 
14-5  metres  measured  from  the  last  tripod  to  the  terminal  point  with 
the  tape  swinging  free.    On  the  return  measurement  this  difficulty  was 
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avoided  by  starting  from  point  E  and  finishing  on  lovel  ground. 
The  length  was  : — 


Section. 

Forward. 

Back. 

Mean. 

m. 

m. 

m. 

1 

1000 -0104 

•0031 

•0098 

2 

10(X)-r)5!)2 

•4424 

•5008 

3 

Kioo-.ms 

•3091 

•3800 

4 

389 -4292 

•4229 

•42fiO 

Slims  ... 

;i3i)o-3i)")(; 

•2375 

•31(50 

The  ])rol)ablc  error  wjxs  ±  0'0420  incitre,  or  one  part  in  80,000. 


As  the  result  of  the  operations,  it  was  found  that  the  heavy  trestles 
were  too  cumbersome  and  delayed  the  work  considerably,  and  in  future 
work  these  were  discarded  in  favour  of  ranging  rods  held  in  position  by 
chain-men,  until  the  new  pattern  apparatus  designed  by  M.  Guillaume 
was  received  in  1906. 

Gebrletn  Base. 

With  the  transfer  of  the  second  and  third  order  triangulation  to 
Upper  Egypt,  bases  were  first  measured  at  Gebelein  in  the  province  of 
Qena  and  at  Ambir  in  that  of  Girga. 

The  Gebelein  base  was  measured  on  April  5-8,  1902.  The  site  lay 
about  four  kilometres  south-west  of  Gebelein,  in  the  desert  where 
the  ground  was  level  and  favourable  for  the 
work.  The  base  was  divided  into  two  sec- 
tions each  of  which  was  about  a  kilometre 
long,  and  the  terminals  of  the  base  and  an- 
other point  near  the  middle  were  marked  by 
concrete  blocks  in  which  iron  pipes  were  set  Fi(i.  4.* 

each  containing  a  brass  plug ;  on  the  upper    Gebelein  base  extension, 
surface  of  this  cross  lines  were  engraved,  g^^^j^  i  •  300  ooo 

and  an  iron  screw-cap  was  fitted  over  it  for 

protection.  The  methods  of  using  the  Jiiderin  wires  were  the  same 
as  at  the  Moqattam  base,  which  has  been  described.  The  southern 
segment  was  first  measured  once  in  each  direction,  and  then  the 


*  A  diagonal  has  been  omitted  in  the  diagram. 
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northern  segment  was  measured  twice  in  the  same  manner.  The 
results  are  given  in  the  following  table  : — 


Section. 

1st  measurement. 

2nd  measurement. 

Mean. 

m. 

m. 

ni. 

North  

1252-8085 

-7813 

1252-7949 

South  

1051-8899 

-8915 

1051-8907 

Total   

2.'504-f)984 

-6728 

2304 -685t; 

Probable  error  1  in  250,000. 


Ambir  Base: 

The  next  base  measured  was  that  at 
Ambir  at  the  south  end  of  Girga  province 
on  the  east  bank  of  the  Nile.  It  was  di- 
vided into  two  sections,  each  of  which  was 
measured  twice  with  the  50-metre  Jaderin 
wires.  The  finally  corrected  results  were  as 
follows : — 


Direction  of  measurement. 

Xorth  Section. 

Sontli  Section. 

Total. 

m. 

m. 

m. 

N-S   

1149-2323 

1174-5103 

2323-7426 

S-N   

1159-2442 

1174-4677 

2.323-7119 

Mean   

1149-2382 

1174-4890 

2.323-7272 

Probable  error,  1  in  180,000. 


The  length  of  this  base  was  checked  by  calculating  it  through  the 
triangulation  from  Gebelein  base  to  the  south,  and  the  Tema  base  to 
the  north. 

Ambir  base  computed  from  Gebelein  base  =  2323-58  metres. 

„    Tema       „   =  2323-29  „ 
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Tema  Base: 

In  May,  1903,  near  Tema,  in  Assiut  pro- 
vince, the  100-metre  steel  tape  was  used 
to  measure  a  base  which  was  divided  into 
28  sections  of  about  100  metres  each.  The 
tape  was  supported  on  pickets  which  had 
been  carefully  aligned  and  levelled.  Each 
section  was  measured  four  times :  twice 
in  each  direction.  The  results  were  as 
follows : — 


Fki.  G. 
Tenia  base  extonsion. 

Scale  1  :  300,000. 


Mea.surement. 

Metres. 

I  

2800- 243(5 

II  

•2(;(;!) 

Ill  

•30i7 

IV  

•aoi!) 

Mean  

280O.27y;5 

Probable  error,  a.-^  deduced  from  a  more  detailed  discu.ssion  (see  Chapter  XV), 

was  1  ill  11)0,000. 

Addendan  Base. 

This  was  the  most  southerly  of  the  bases  measured,  and  was  situ- 
ated about  800  metres  from  the  Nile  on  the  left  bank  of  the  river 
nearly  opposite  the  village  of  Addendan.  The  spot  is  about  44  kilo- 
metres downstream  from  Wadi  Haifa,  and  about  five  kilometres  from 
the  northern  end  of  Faras  village  which  is  the  boundary  between  Egypt 
and  the  Sudan. 

The  100-metre  steel  tape  was  used  in 
measuring  this  base,  which  was  therefore 
divided  into  two  sections  of  about  1,000 
metres  each,  and  twenty  sub-sections  each 
equal  to  the  length  of  the  tape.  The  termi- 
nal points  alone  were  permanently  marked, 
and  for  these,  iron  tubes  set  in  cement-con- 
crete were  used,  the  exact  point  being  defined  by  two  fine  engraved  lines 
on  a  brass  plug  within  the  tube ;  the  central  point  and  those  marking 
the  tape  lengths  were  only  used  during  the  measurement  and  were 
not  permanently  marked.  The  base  was  aligned  with  a  theodolite  and 


Fig.  7. 
Addendan  base  extension. 
Scale  1  : 300,000. 
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wooden  pickets  were  placed  at  intervals  of  20  metres  so  that 
their  heads  were  on  grade  ;  the  level  of  each  was  determined.  These 
pickets  supported  rollers  on  which  the  tape  lay  while  in  use. 

The  measurement  was  carried  out  on  the  3rd  and  4th  of  October, 
1903,  times  being  selected  when  the  wind  was  very  shght  and  there 
was  no  sun ;  the  very  early  hours  of  the  morning  and  the  evening 
about  sunset  were  therefore  utilized. 

Observations  for  azimuth  were  made  with  an  8-inch  micrometer- 
theodolite  reading  to  1"  on  the  horizontal  circle ;  the  vertical  arc  was 
furnished  with  verniers  only,  and  angles  could  be  read  to  10". 

The  star  Polaris  was  observed  at  its  eastern  elongation  on  two 
nights,  ten  sets  of  observations  being  taken  in  all,  which  gave  an 
azimuth  of  54°  6'  49"  of  E.  for  the  line  of  the  base  with  -a  probable 
error  of  ±  0"  •  7. 

The  results  were  as  follows : — 


Section. 

1st 

nieiisurenient. 

2ncl 
measurement. 

3rd 

measurement. 

4th 

measurement. 

Mean. 

m. 

ni. 

in. 

m. 

m. 

I  ... 

1,000  •3,540 

'.5881 

-.5475 

-.5047 

1,000-5712 

II  ... 

1,000  •(;2W 

•6.520 

•6412 

•6629 

1,000-6464 

2,001-1834 

•2404 

•1887 

•2576 

2,001-2176 

Probable  error,  1  in  200,000. 


DaKKA  BASE: 

In  order  to  compute  the  chain  of  small  triangles  which  spanned  the 
Nile  Valley  between  Wadi  Haifa  and  Aswan,  another  base  was  mea- 
sured at  Dakka  on  the  left  bank  of  the  river,  besides  that  at  Addendan 
which  has  been  just  described.  The  100- 
metre  steel  tape  was  employed,  and  the 
work  was  carried  out  on  December  21-23, 
1903.  The  total  length  was  2,699  metres, 
which  for  the  purpose  of  measurement  was 
divided  into  three  sections  of  approximately 
equal  lengths.    The  procedure  was  the  same  ^h-  s. 

as^at  Addendan.    Each  section  was  mea-     Dakka  base  exten.sion. 
sured   twice  in  opposite  directions,  the  soaie  i :  ■m.m. 
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tension  employed  being  10  kilogrammes  in  one  case  and  15  in  the 
other.    The  results  obtained  were  as  follows: — 


Section. 

1st  measur*;inent. 

2ii<i 
measureinent. 

3rd 

measurement. 

Mean. 

in. 

m. 

m. 

in. 

i  I-  :::  ::: 

900-2000 

•2281 
•3474 

•2374 
-3522 

•2251 
•3521 

\  I  :::  ::: 

900-4047 
-4449 

-  410.3 
•4347 

•4114 
•4380 

•4088 
•4392 

\  I  ;::  ::: 

900 •6429 
-7394 

•6631 
•7208 

•6611 
•7329 

•6557 
•7310 

\  I  :::  ::: 

-  2 -2802 

-  •2856 

-  -2858 

-  -2857 

-  ^2859 

-  ^2857 

-  -2860 

-  ^2857 

Probable  error,  1  in  125,000. 


The  mean  length  is  given  by  deducting  the  length  of  Section  IV  from 
the  sum  of  Sections  I,  II  and  III,  and  is  equal  to  2699-1203  metres. 

Khattara  Base 

The  base  at  Khattara  on  the  left  bank  of  the  river  a  little  to  the  north 
of  Khattara  railway  station,  and  about  15  kilometres  downstream 
of  Aswan,  was  measured  in  February,  1904,  and  was  2,550  metres  in 
length.  The  100-metre  steel  tape  was  employed,  as  at  Dakka  and 
Addendan,  for  these  three  bases  were  used 
to  compute  the  triangulation  which  covered 
some  400  kilometres  of  the  Nile  Valley  at  a 
part  where  it  was  very  narrow.  The  culti- 
vation nowhere  occupied  more  than  a  narrow 
belt  of  land  a  few  hundred  metres  wide  at 
most,  and  usually  formed  disconnected 
patches,  between  which  the  desert  came 
down  to  the  river  edge.  The  whole  distance 
was  marked  out  into  twenty -five  sections  of 
approximately  100  metres  each,  correspond- 
ing to  one  tape  length.  The  terminal  points 
were  marked  in  the  usual  way  by  brass  bolts  set  in  iron  tubes,  which 
were  in  turn  set  in  blocks  of  concrete.    The  method  of  procedure  was 


Fu/.  9.* 
Khattara  huso  extension. 
Scale  1  : 300,000. 


*  A  diagonal  is  omitted  in  the  figure. 
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the  same  as  that  employed  at  Addendan  and  Dakka,  except  that  the 
tape  was  strained  by  means  of  a  weight  running  over  a  pulley,  instead 
of  a  spring  balance.    Each  section  was  measured  four  times,  in  each 
direction,  both  in  the  morning  and  in  the  evening. 
The  results  obtained  were  as  follows  : — 


Section  and  Direction. 

1st 

Iii6iisur6ni6iit. 

2nd 
iiHNisuroincnt* 

3rd 

4tli 

ni6n.sur6m6nt. 

Mean. 

m. 

m. 

m. 

ni. 

m. 

T  ^  N-S  

I  S-N  

699-8822 
•8519 

-8978 
•8627 

•9493 
•9378 

-9502 
•9721 

•9130 

n  \  N-s  

I  S-N  

700-4974 
•5310 

•5374 
•5460 

•5254 
•3263 

-5274 
-5426 

•5292 

,„  \  N-s  

I  S-N  

70U'3364 
•3601 

•3704 
-3854 

•4142 
-4105 

-3982 
-4046 

-3850 

TV  J  N-S  

1  S-N  

400-1073 
•0966 

-1058 
•0934 

-1102 
-1391 

•1213 
-1142 

•1110 

V  i  N-S  

^-  1  S-N  

48-9506 
-9510 

•9496 
•9500 

•9509 
-9506 

•9514 
•9506 

•9506 

Totals  

2,549-7822 

•8492 

-9572 

•9663 

-8888 

Probable  error,  1  in  200,000. 


RoDA  Base  : 

In  April,  1904,  a  base  was  measured  near  Roda,  in  Minia  province, 
between  triangulation  points  numbers  64  and  66  of  the  second-order 
triangulation.  The  base  was  2,741  metres  long,  and  was  divided  into 
ten  short  sections,  of  which  the  lengths  are  given  in  the  table  below. 

The  first  section  was  longer  than  the  others 
since  it  was  measured  at  first  with  the  50-  /^x^T^^S. 
metre  wires,  one  of  which,  however,  broke 

after  the  first  measurement  .  The  other  sec-  \./^ 

tions,  with  the  exception  of  the  ninth  and 

tenth,  are  11  lengths  of  the  25-metre  wires.  Fi(/.  lo. 

The  measurement  was  carried  out  with  the      ijotla  base  extension. 

25-metre  Jaderin  wires  and  the"  wires  were  „  ,  , 

bcale  1  :  000,000 

strained  by  means  of  weights  carried  by  wires 

running  over  small  wheels  mounted  on  ball  bearings.  The  wheels  were 
carried  on  stout  rods  which  were  steadied  by  hand,  as  these  had  been 
found  to  give  more  accurate  results  than  the  trestles  used  previously. 

The  site  was  on  a  newly-made  level  canal  bank,  and  was  connected 
to  the  second  order  triangulation  by  the  base  extension  network 
shown  in  fig.  10. 
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The  sections  of  the  base  were  each  measured  twice  in  opposite 
directions.    The  results  are  given  in  the  following  table  : — 


Section. 

let  ineasvirenient. 

2ti(l  iiiCiisurf^nietit. 

Mc-iii 

111. 

Ill 

I  

rK)0'1283 

•1276 

550-1279 

TI  

27.-) -0794 

-0790 

275-0792 

Ill  

27.')- 109!) 

-1085 

275-1092 

IV  

275-0744 

-0750 

275-0747 

V.  ...   

275-0686 

-0676 

275-0681 

VI  

275 -J  436 

-1446 

275 -14 11 

VI  r  

275-0817 

•0786 

275-0802 

VIII  

275-();524 

-0;555 

275-0;5;59 

IX  

250-1561 

-1549 

250-1555 

X  

14-98;M 

-98:54 

l4-98;i4 

Totjil  

2740-8578 

•8547 

2740-8562 

Probiible  error,  1  in  1,600,000. 


Feshn  Base: 


A  base  was  measured  at  Feshn  in  Beni 
Suef  province,  November  10-16,  1904,  with 
the  25-metre  Jaderin  wires  in  order  to 
complete  the  triangulation  of  that  province. 
The  wires  were  strained  in  the  same  way  as 
at  the  Roda  base  above  described.  The 
network  of  the  base  extension  is  shown 
in  fig.  11. 

The  total  length  of  2,705  metres  was 
divided  into  four  sections,  and  each  section 
was  measured  twice  in  opposite  directions. 
The  results  were  as  follows  .- — 


/''///.  11. 
Feshn  base  extension. 

Scale  :  1 :  mOOO. 


Section. 

1st  measurement. 

2tul  measurement. 

Mean. 

ni. 

111. 

m. 

I... 

575-1944 

-2172 

-2058 

II... 

8(M)-0;-{81 

-0156 

-0268 

III... 

824^9009 

•8759 

•8884 

IV... 

504-7918 

•7782 

•7850 

Total  

2704-9252 

•8869 

2704*9060 

Probable  error,  1  in  190,000. 
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Tel-el-Kebir  Base  : 

This  base  was  measured  on  December 
22-24,  1905,  for  use  in  computing  the  second 
order  triangulation  of  Sharqia  province.  It 
was  situated  near  Tel-el-Kebir  in  the  Wadi 
Tumilat  on  the  edge  of  the  desert.  The 
terminal  points  were  marked  as  usual  by  Fig.  12. 

brass  plugs  on  each  of  which  was  engraved  Tel-el-Kebir  base  extension, 
across;  the  plugs  were  screwed  into  iron  soiic  i  •  sooooo 

tubes,  which  were  set  in  blocks  of  concrete. 

The  base  was  measured  with  26-metre  Jaderin  wires,  and  Guillaume's 
apparatus  for  using  them.  It  was  measured  in  one  section  which  was 
worked  twice  in  different  directions.    The  results  were  as  follows : 


First  measurement    2, 105 "2580  metres 

Second  measurement   2, 105 '2215  „ 

Mean    2,105 -2398 

Probable  error,  1  in  180,000. 

Waqed  Base  : 

A  base  3,528  metres  long  was  measured 
at  Waqed  at  the  southern  end  of  Beheira 
province,  on  December  10,  1906.  Jaderin's 
25-metre  wires  were  used  with  Guillaume's 
apparatus.  The  base  was  measured  twice 
in  one  section,  the  direction  of  measurement  Fig.  is. 

being  different  in  each  case.    The  terminals     Wacjed  base  extension, 
were  marked  by  iron  tubes  set  in  concrete,  c  i  ,  „„„ 

'  Scale  1  : 300,000. 

the  exact  point  being  a  cross  engraved  on  a 

brass  bolt  which  was  screwed  into  each  tube.  The  results  are  as 
follows : 

First  measurement    3,528*2454  metres 

Second  measurement   3,528*2421  „ 

Mean   3,528*2438 


Probable  error,  1  in  3,000,000. 
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Ras  el  Khalig  Base  : 


A  base  was  measured  at  Ras  el  Khalig  in 
in  north-eastern  Gharbia  on  February  25-28, 
1907.  The  26-metre  Jaderin  wires  were 
used  with  the  Guillaume  apparatus.  Like 
the  Waqed  base  it  was  measured  in  one 
section  and  the  measurement  was  repeated, 
being  made  in  two  different  directions. 

The  results  were : — 


First  ineasiiremcnt 
Second  nieasurcnient . 


;j,8:)7-011(')  metres, 
.'5,897 -0230 


Mean...  3,897-0173 


Fig.  14. 
Kas  ol  Khalig  base  extension. 
Sc'.ile  1 :  300,000. 


Probable  error,  1  in  1,000,000. 
"  Halq-el-Gamal  Ba.se. 

A  base  was  measured  in  the  north- 
eastern portion  of  Beheira  in  connection 
with  the  second  order  triangulation  with 
the  25-metre  Jaderin  wires  on  August 
11-12,  1907. 

The  base  was  divided  into  two  portions, 
each  of  which  was  measured  twice,  the 
two  measurements  being  made  in  opposite 
directions.  Guillaume's  apparatus  for 
straining  the  wires,  for  marking  the  end 
of  each  wire  length,  and  for  levelling  was 
used.    The  results  were  as  follows: — 


Fig.  U. 

Hal(]-el-Ganial  base 
extension. 

Scale  1  : 300,000. 


Section. 

1st  lueasui'eineiit. 

I'lul  measiiri'ineiit. 

Mean. 

III. 

III. 

111. 

I.  .. 
II.  .. 

1,553-6592 
1,714-8172 

-6729 
-8137 

1,553-6660 
1,714-8155 

Sum  

3,268-4764 

•4866 

3,268-4815 

Probable  error  1  in  700,000. 
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CHAPTER  XIII. 
Triakgulation. 

When  the  Survey  Department  was  formed  in  July,  1898,  the  most 
urgent  need  was  a  rehable  triangulation  which  should  ensure  the 
positions  of  a  series  of  points  being  accurately  known  in  order  that  the 
land-measurements  might  be  controlled  thereby  and  that  the  small 
errors  of  measurement  which  inevitably  occur  might  be  prevented 
from  accumulating  to  an  amount  which  would  injuriously  affect  the 
practical  accuracy  of  the  work.  As  the  yearly  out-turn  of  work  was 
on  no  account  to  be  delayed,  it  was  very  difficult,  as  has  been 
explained  in  the  foregoing  pages,  to  provide  a  satisfactory  triangula- 
tion at  once.  The  standards  of  length  and  the  measurement  of  the 
bases  had  to  be  improved  as  time  went  on  and  as  opportunity  offered; 
and  a  similar  procedure  was  followed  in  the  case  of  triangulation, 
but  as  an  essential  preliminary  the  computation  of  the  observations 
was  at  once  taken  out  of  the  hands  of  the  observers  and  entrusted  to  an 
independent  computing  staff  under  the  direction  of  an  experienced 
mathematician,  who  describes  in  Chapter  XV  the  methods  which  were 
gradually  developed  under  his  direction. 

Although  theodolite  traverses  were  adopted  in  1895  in  order  to 
control  the  chain  survey,  no  systematic  triangulation  then  existed. 
That  which  had  been  executed  by  the  cadastral  survey  of  1878-1888 
had  only  been  carried  out  in  the  Fayum,  Qaliubia,  Gharbia  and 
Menufia  provinces ;  in  none  of  these  was  it  complete  nor  were  the 
different  networks  joined  together ;  it  was  of  inferior  accuracy  and  the 
majority  of  the  marks  had  been  lost. 

In  Sharqia  province  some  of  the  points  of  an  elementary  type  of 
triangulation  carried  out  under  the  Ministry  of  Public  Works  for  topo- 
graphical purposes  *  had  been  utilized  and  Mr.  Fuller,  in  1895,  recom' 
mended  the  extension  of  this  triangulation  to  the  Fayum  and  Giza 
provinces  in  order  to  prepare  a  basis  for  the  more  complete  survey 
which  the  re-assessment  of  tax  demanded.    This  triangulation  had 


•  See    p.  lOo. 
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grown  out  of  the  older  cadastral  survey  of  1888,  as  already  explained, 
and  had  adopted  its  methods  to  a  large  extent.  Sufficiently  accurate 
to  furnish  a  basis  for  a  plane-table  survey  which  was  carried  out 
by  graphical  methods,  and  of  which  the  detail,  though  plotted  to  a 
scale  of  1  :  10,000,  was  only  published  on  the  scale  of  1  :  100,000, 
it  was  incapable  of  controlling  measurements  made  for  a  survey  of 
landed  property  on  the  scale  of  1  :  4,000.  The  methods  of  obser- 
vation and  computation  which  were  employed  have  already  been 
described,  and,  though  the  marking  of  points  had  latterly  been 
effected  by  means  of  lengths  of  rail  or  angle-iron  sunk  vertically 
in  the  ground,  they  were  neither  sufficiently  stable  nor  inconspicuous 
enough  to  furnish  any  guarantee  of  permanence.  Still,  the  reassess- 
ment of  the  land-tax  had  to  be  carried  on  at  a  rapid  rate  in  order  that 
it  might  be  completed  within  the  period  of  ten  years  which  had  been 
decided  upon,  and  any  means  of  controlling  the  theodolite  traverse 
by  an  independent  class  of  work  was  valuable ;  nevertheless,  when 
discrepancies  arose  it  was  at  times  difficult  to  determine  whether  the 
fault  lay  with  the  triangulation  or  the  theodolite  traverse.*  These 
two  operations  were  at  first  carried  out  by  separate  departments,  which 
led  to  their  being  less  adapted  to  the  end  in  view  than  if  they  had  been 
carried  out  in  close  agreement ;  but  the  formation  of  the  Survey 
Department  in  July,  1898,  rendered  it  possible  to  remove  this  difficulty, 
though,  by  this  time,  the  triangulation  had  been  finished  in  the  province 
of  Giza,  much  of  the  traverse  work  there  was  done,  and  a  few  villages 
were  already  being  surveyed  in  detail.  The  triangulation  was  already 
being  used  as  a  control  for  the  traverse  but  there  were  two  sources  of 
error  which  had  been  imperfectly  removed  ;  namely,  the  error  due  to 
the  base  having  been  measured  with  a  steel  band  without  any  correction 
being  applied,  and  that  due  to  the  azimuths  employed  being  magnetic  ; 
the  latter  had  to  some  extent  been  compensated  for  by  correcting  here 
and  there  the  azimuth  of  a  side  of  the  theodolite  traverse  by  an  obser- 
vation on  the  sun,  but  this  amounted  to  controlling  the  triangu- 
lation to  some  extent  by  the  traverse.  In  July,  1898,  there  still 
remained  five  months  in  which  something  might  be  done,  since  the 
basin  lands  of  Giza  province  would  be  flooded  in  September  and 
would  not  be  dry  enough  to  work  on  until  the  end  of  November  at 


•  Of.  p.  126. 


—  193  — 


the  earliest.  A  base  at  Badreshein  and  another  at  Matania  in  the 
El  Ayat  district  of  Giza  province  were  re-measured  *  and  the  azimuth 
of  a  side  of  the  triangulation  (points  Nos.  159-158)  was  determined 
astronomically  by  observation  of  Polaris  at  elongation ;  the  results 
thus  obtained  were  utilized  to  correct  the  triangulation  so  as  to  afford 
a  control  upon  the  lines  which  were  traversed  on  the  village  lands. 

The  inherent  defects  of  a  system  which  permitted,  or  at  least  did  not 
prevent,  the  measurement  of  two  angles  only  and  the  determination  of 
the  third  by  subtracting  the  sum  of  the  other  two  from  180",  and  which 
allowed  all  the  computation  to  be  done  by  the  observer,  were  soon 
apparent.  A  case  occurred  where  one  factory  chimney  had  been 
mistaken  fgr  another  when  observing  from  the  second  station,  but 
neither  the  angle  book  nor  the  computations  showed  this  and  it  was 
only  detected  by  a  point  being  found  to  be  some  200  metres  out  of  its 
computed  position. 

A  reliable  control  of  the  theodohte traverse  was,  therefore,  an  absolute 
necessity,  but  this  had  to  be  obtained  without  delaying  the  cadastral 
survey,  which  limitation  rendered  it  impossible  to  introduce  a  high- 
grade  system  of  base-measurement,  computation,  and  triangulation,  at 
once.  To  do  so  would  have  necessitated  a  period  of  transition  during 
which  a  staff  would  have  been  trained,  instruments  procured,  and  a 
thoroughly  efficient  system  of  second  order  (or  perhaps  even  first  order) 
triangulation  observed.  But  the  interval  of  ten  years  which  had  been 
laid  down  as  the  period  within  which  the  cadastral  survey  had  to  be 
completed,  imposed  onerous  conditions  which  would  admit  of  no  such 
delay,  so  that  the  best  that  could  be  done  was  to  start  at  once  with  im- 
proved methods  of  base-measurement,  observation,  and  computation  in 
the  next  province,  and  energetically  push  on  preparationsf  or  triangu- 
lating subsequent  provinces  in  a  more  adequate  manner.  The  Fayum 
province  was  taken  up  after  that  of  Giza,  since  its  isolated  position 
to  the  west  of  the  Nile  Valley  rendered  it  more  suitable  for  surveying 
under  a  system  which  inevitably  would  not  be  up  to  the  standard  of 
later  work.  In  this  way  the  chain  of  triangulation  up  the  Nile  Valley 
would  be  of  a  satisfactory  quality  and  whenever  the  Fayum  was  re- 
surveyed  its  triangulation  could  be  controlled  by  the  first  order  chain 
of  triangulation  in  the  valley  which  would  then  probably  be  complete. 


*  See  Chapter  XII,  pp.  175-179. 


Just  as  for  the  base-measurements  where  five-metre  fir  rods  were 
first  used,  then  a  100-metre  steel  tape,  then  Jaderin  wires  of  steel  and 
brass,  and  finally  24-metre  Jaderin  wires  of  invar  standardized  with 
the  aid  of  the  Briinner-Ibaiiez  four-metre  standard  platinum  bar ;  so 
the  triangulation  of  the  hydrographic  survey  was  first  replaced  by  a 
major  and  a  minor  series  of  triangles,  which  were  soon  improved  to  the 
standard  of  normal  second  order,  third  order,  and  fourth  order 
triangulations,  the  higher  grade  in  each  case  controlling  the  lower,  and 
finally  a  chain  of  first  order  (geodetic)  work  was  undertaken.  Also  the 
instruments  in  use  developed  from  being  6-inch  vernier  theodolites  to 
those  of  a  better  and  more  accurate  type,  being  replaced  by  8-inch  and 
6-inch  micrometer  theodolites,  and  finally  a  10-inch  micrometer 
theodolite  of  the  highest  quality  by  Repsold  is  being  employed  for  the 
first  order  work.  In  this  way,  it  was  possible  to  pass  from  a  triangu- 
lation of  very  approximate  accuracy  in  eighteen  months  to  one  of 
satisfactory  second  order  type  of  which  the  accuracy  was  not  inferior 
to  the  standard  which  is  usually  attained  in  Europe  in  work  of  this 
grade,*  and  this  without  delaying  the  out-turn  of  the  cadastral  survey. 

Second  Order  TRiANGutAxioN. 

The  triangulation  of  the  Fayum  province  being  transitional  in 
character  differed  somewhat  from  the  normal  second  order  work,  but 
the  rules  laid  down  for  the  latter  were  followed  from  1899  until  the 
present  time ;  a  few  improvements  and  modifications  were  introduced 
as  experience  was  gained  and  the  accuracy  improved,  but  the  work 
was  essentially  of  the  same  character  throughout. 

The  limit  of  permissible  errors  which  were  admitted  in  the  closure 
of  a  triangle  of  the  second  order  triangulation  was  fixed  at  5". 

The  following  instructions  were  issued  to  all  observers  employed  on 
the  second  order  triangulation  in  the  Nile  Valley  in  order  to  guard 
against  variations  of  procedure  in  observing  the  angles  and  in  marking 
the  points : — 

"  The  general  form  of  the  triangulation  should  be  a  line  of  quadri- 
lateral figures  having  their  angles  situated  on  convenient  heights  on 
each  side  of  the  Nile  Valley  to  the  south  of  Cairo.    The  most  advan- 


•  See  p.  207. 
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tageous  shape  is  the  square  and  no  angle  should  exceed  120°  nor  be  less 
than  30°.  At  each  station  only  the  three  sides  and  the  two  diagonals 
passing  through  it  should  be  observed  even  though  other  principal 
stations  may  be  visible,  but  this  does  not  prevent  the  inclusion  of 
secondary  points  which  may  be  intersected  from  three  or  more  principal 
points,  although  they  are  not  themselves  occupied.  It  will  be  found 
that  sides  of  more  than  25  kilometres  lead  to  delay  on  account  of  bad 
visibility  of  the  marks  and  inaccuracy  from  varying  refraction.  The 
best  hours  for  observations  are  the  two  immediately  after  sunrise,  and 
one  in  the  afternoon  shortly  before  sunset,  and  to  utilize  these  hours  it 
will  generally  be  necessary  to  pitch  the  camp  within  easy  distance  of  the 
point  so  that  this  can  be  reached  about  sunrise.  Every  principal 
station  must  be  occupied. 

"  As  soon  as  a  station  has  been  definitely  fixed  and  the  mark  laid 
down,  a  sketch  must  be  made  giving  sufficient  detail  to  enable  the  point 
to  be  found  by  a  stranger  to  the  locality ;  check  marks  will  also  be 
placed  in  order  to  recover  the  exact  original  position  of  the  mark 
should  it  be  removed. 

"  Great  care  must  be  taken  that  the  flagstaffs  are  placed  vertically 
over  the  mark  and  are  sufficiently  stayed  to  resist  the  pressure  of  the 
wind. 

"  Angles  will  be  read  continuously  round  the  horizon  alternately 
clockwise  and  counter-clockwise  and  will  close  on  the  first  or  reference 
point ;  they  will  be  read  in  all  twelve  times,  viz.,  face-right  and  face-left 
on  six  zeros,  a  shift  of  30°  being  made  for  each  complete  set.  In  no  case 
should  the  closing  error  of  a  triangle  exceed  5  ". 

"  When  the  observations  at  a  point  have  been  completed  they  should 
be  copied  on  to  angle-sheets  (Survey  form  No.  29),  which  will  then  be 
sent  to  the  Central  Office  where  the  calculations  will  be  made ;  angle- 
books  in  which  the  observations  are  booked  in  the  field  will  also  be 
sent  to  the  Central  Office  as  soon  as  filled  up,  and  all  documents  relative 
to  the  triangulation  will  be  handed  over  to  the  Director-General  at  the 
end  of  the  season,  or  as  soon  as  they  can  be  dispensed  with,  in  order 
that  they  may  be  filed  for  future  reference  in  the  Map  Store. 

"  Fortnightly  reports  will  be  furnished  by  the  observer  on  Survey 
form  No.  18,  together  with  a  tracing  of  the  triangles  which  have  been 
reconnoitred  or  observed  and  the  descriptions  of  the  points." 

A  full  discussion  of  the  methods  used  for  reducing  the  observations 
is  given  in  Chapter  XV. 
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Third  and} Fourth  Order  Triangulation. 

The  next  steps  in  the  chain  of  control  after  the  second  order 
triangulation  are  now  the  third  and  fourth  order  systems,  the  latter 
having  been  introduced  in  1906. 

The  third  order  system  in  general  consists  of  triangles  whose  sides 
now  average  about  three  and  a  half  kilometres  in  length,  the  positions 
of  the  points  being  marked  by  angle  irons  let  into  the  ground. 
Observations  are  taken  with  a  6"  micrometer  theodolite,  and  consist 
of  four  independent  sets  of  readings  off  four  different  zero  settings. 
The  maximum  error  of  closure  permitted  in  a  triangle  except  under 
very  special  circumstances  is  eight  seconds. 

With  the  re-survey  of  the  province  of  Sharqia  the  primary  import- 
ance of  speed  diminished  and  among  other  improvements  it  was  found 
possible  gradually  to  train  more  triangulators  and  to  add  a  fourth 
system  of  triangulation.  This  had  long  been  desired  as  affording  an 
additional  control  to  the  traverse  work  and  greater  facility  in  locating 
and  correcting  errors.  In  this  province  a  fourth  order  point  was 
placed  approximately  in  the  centre  of  each  third  order  triangle  and  its 
position  determined  by  resection,  that  is  by  observing  from  it  on  to 
four  surrounding  points  whose  positions  had  been  already  fixed. 
Resection  on  to  three  points  if  the  relative  positions  are  well  conditioned 
is  sufficient  to  determine  a  fourth  order  point,  but  as  a  precaution  a 
fourth  point  was  always  included.  Three  of  these  points  were  invari- 
ably of  a  higher  order  than  fourth.  Observations  were  taken  with  a 
five-inch  vernier  theodolite,  one  complete  round  of  observations  being 
made.  The  maximum  permissible  angular  error  admitted  in  this  work 
is  thirty  seconds. 

Several  modifications  have  been  gradually  introduced  into  the 
general  procedure  of  these  two  systems  of  triangulation  in  the  provinces 
of  Beheira  and  Gharbia.  The  size  of  the  third  order  triangle,  when 
circumstances  permit,  is  increased  so  as  to  allow  of  the  inclusion  of 
three  fourth  order  points  within  each  third  order  triangle  without 
appreciably  increasing  the  total  number  of  points  placed  per  unit  area. 
By  this  means  it  is  hoped  that  while  the  control  is  not  weakened  the 
cost  of  the  work  will  be  lessened.  On  the  other  hand  cast  iron  tubes 
set  in  concrete  or  masonry  and  placed  below  the  level  of  the  ground 
have  been  substituted  for  the  pieces  of  angle-iron  hitherto  employed 
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as  marks.  These  were  not  only  intrinsically  more  expensive  but  the 
cost  of  transport  of  materials  to  the  site  and  the  additional  supervision 
and  labour  entailed  added  to  the  cost.  It  is  hoped,  however,  that 
these  stations  being  of  a  more  permanent  and  less  obvious  nature  will 
not  be  so  readily  tampered  with  as  those  which  w^ere  placed  in  other 
provinces  and  thus  the  waste  of  money  involved  by  re- observation  at 
a  later  date  will  be  considerably  reduced. 

The  table  on  page  209  gives  data  of  the  work  in  the  various  provinces 
but  it  must  be  remembered  that  these  are  not  strictly  comparable  for 
not  only  was  the  work  being  gradually  modified  and  improved  but 
the  class  of  the  personnel  itself  was  altering  as  the  result  of  training 
and  experience. 

In  several  estimates  which  were  made  from  time  to  time  *  for  a  trian- 
gulation  in  Egypt  it  was  always  anticipated  that  the  level  character  of 
the  Delta  would  necessitate  the  employment  of  a  large  number  of  towers 
or  scaffolds  from  which  the  lines  of  sight  would  pass  over  the  trees  and 
palm-groves ;  but  in  practice  it  was  found  possible  to  avoid  the 
employment  of  these  altogether  and  only  in  fifty-one  cases  (twenty  per 
cent.)  were  buildings  utilized.  It  was  usually  possible  to  find  positions 
on  canal  banks,  knolls,  sand-hills,  etc.,  from  which  the  necessary  lines 
could  be  seen  if  a  small  amount  of  clearing  was  done. 

Nevertheless,  the  level  nature  of  the  country  in  the  Delta  was  always 
inconvenient,  for  the  only  natural  elevations  were  the  canal  banks 
which  were  rarely  as  much  as  six  metres  high,  mounds  on  the  sites 
of  ancient  villages  which  might  be  ten  or  twelve  metres  high,  and  the 
minaret  balconies  of  mosques  which  were  usually  from  seventeen  to 
twenty  metres  above  the  ground.  These  had  to  be  utilized  if  lines  of 
greater  length  than  usual  were  to  be  obtained,  since  the  trees  of  the 
country  interfered  with  the  line  of  sight  and  any  considerable  amount 
of  clearing  was  usually  objected  to  by  the  owners.  The  marks  on  banks, 
mounds,  and  the  ground  in  general,  which  were  at  first  pieces  of  T  or  L 
iron  about  1-0  or  1-2  metres  long  sunk  in  the  ground,  were  furnished 
with  a  foot-plate  to  prevent  their  being  removed.  These  were  employed 
in  the  provinces  of  Daqahlia,  Qaliubia,  Giza,  Beni  Suef,  Fayum,  Minia, 
Assiut,  Girga  and  Qena,  but  afterwards  a  tubular  form  of  mark  was 
adopted  which  was  set  in  masonry  and  sunk  out  of  sight  below  the 

*  Previously  to  18'.»8. 
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surface  of  the  ground.  The  removal  of  triangulation  marks  by  the 
inhabitants  has  throughout  the  work  caused  great  delay,  and  often 
much  additional  expense.  In  Aswan  province  bolts  were  used,  since 
the  valley  was  so  narrow  that  all  the  points  were  placed  on  the  sand- 
stone rock  of  the  desert.  In  the  other  provinces  of  Upper  Egypt  also,  a 
certain  number  of  the  points  were  placed  on  the  limestone  desert  plateau 
and  here,  too,  bolts  were  used  ;  they  were  of  brass  and  were  fixed  in 
cement.  Houses  were  not  used  if  they  could  be  avoided,  because  they 
were  seldom  stable  enough  to  bear  the  theodolite  and  the  observer 
without  vibration,  and  since  the  flat  roof  is  often  used  by  the  family, 
the  signals  were  liable  to  be  interfered  with.  Minarets  had  from  time 
to  time  to  be  utilized  in  Lower  Egypt,  although  they  were  not  al- 
together free  from  objection.  Some  were  not  well  constructed  and 
were  liable  to  move  in  windy  weather ;  the  observations  had  to  be 
made  from  the  balcony  and  referred  to  the  vane  of  the  minaret  which 
formed  the  point ;  and  the  balcony  was  often  so  narrow  that  the  observer 
had  to  pass  round  the  minaret  in  order  to  read  the  second  microscope, 
all  of  which  causes  might  affect  the  observations  prejudicially. 

The  signals  at  first  used  were  long  poles  with  flags  attached  to  them  ; 
these  were  firmly  stayed  with  wire  to  keep  them  in  a  vertical  position. 
Soon,  however,  it  was  found  more  convenient  and  more  economical  to 
fix  a  signal  made  of  a  black  and  a  white  target  set  at  right  angles  to 
each  other  on  a  pole  over  the  mark  and  leave  it  so  long  as  work  was  in 
progress  in  the  district. 

Much  trouble  was  caused  by  refraction,  and  it  often  happened  that 
signals  which  were  clearly  visible  when  placed  by  the  reconnoitring 
party  in  the  winter  months  were  invisible  from  the  neighbouring 
points  when  observations  had  to  be  made  in  the  following  summer. 
Again,  the  high  masts  and  sails  of  boats  passing  along  the  canals,  or 
the  heated  air  from  a  moveable  pumping-engine  or  from  a  burning 
brick-stack  sometimes  interfered  considerably  with  seeing.  Day 
observations  were  used  throughout  the  second  order  triangulation  and 
visual  signals  rather  than  heliographs  were  employed,  since  these  gave 
results  more  quickly  without  falling  below  the  standard  of  accuracy 
which  had  been  laid  down,  but  in  Beheira  and  Sharqia  provinces 
heliographic  signals  have  been  also  used.  Heliographers,  however,  were 
used  for  communicating  between  parties  at  a  distance,  and  especially 
when  working  on  opposite  sides  of  the  Nile  Valley  in  Upper  Egypt. 
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A  general  summary  of  the  second  order  triangulation  which  has  been 
executed  exclusive  of  that  which  has  been  observed  over  the  towns  of 
Cairo  and  Alexandria,  is  given  in  the  following  table  in  order  to  show 
the  character  of  the  lines  sighted. 


Statistics  concebnikg  Second  OuoKn  TBiANGri,ATioN  of  Egypt. 


Proviiiei'. 

Total 
iiuinbe?'  of 
lines. 

Total 
leiifttli  of 
lines. 

Mean 
of  lijieP, 

^>  iiiiiift  1 
of  lines  from 
buildings.  * 

of  lin«s  from 
buildings.  * 

M("in 
of  lines 
of  buildings.* 

kilometre?. 

kilometrcR. 

kilometres. 

Aswan  ... 

93 

1,440-5 

15-5 

Qena  

88 

1,208-1 

13-7 

5 

03-3 

12-7 

55 

787-9 

14-4 

5 

77-6 

15-5 

Assiut  ... 

43 

772-3 

18-0 

Minia 

(iO 

7.58-0 

12-6 

19 

286-9 

15-1 

Bt'iii  Snof. 

23 

425-1 

18-5 

Fa  yum  ... 

lit; 

917-8 

7-9 

Giza...  ... 

28 

399-7 

14-3 

7 

106-2 

15-2 

Qaliuhia  ... 

35 

337-3 

9-6 

34 

.372-4 

11-0 

Sliarqia  ... 

78 

1,0.36-1 

13-3 

28 

.393-9 

14-1 

I)a(|alilia ... 

o8 

933-3 

13-7 

94 

1,359-8 

14-5 

Menufia  ... 

27 

399-3 

14-8 

U 

.509-6 

15-0 

Beht'ira  ... 

fil 

997-2 

16-3 

70 

l,:i01-9 

17-2 

Gharbia... 

92 

1..584-7 

17-2 

118 

2,00()-4 

17-0 

Total  ... 

867 

12,003-3 

13-8 

414 

6,378-0 

15-4 

This  network  covers  an  area  of  35,380  square  kilometres  and 
contains  356  points. 

But  in  1904  there  still  remained  a  large  portion  of  the  Delta  which 
had  never  been  triangulated  since  the  detail  survey  of  the  provinces 
of  Beheira  and  Sharqia  had  been  carried  out  in  1892-1897  before  the 
Survey  Department  was  formed,  and  when  the  work  was  of  a  more 
elementary  character.f  Moreover,  the  work  in  Sharqia  was  mostly 
thirteen  years  old,  so  that  by  this  time  many  changes  had  taken 
place  and  the  landowners  and  the  General  Assembly  applied  to  the 
Government  that  a  re-survey  might  be  made.  Triangulation  was 
therefore  begun  in  1905  and  the  province  was  finished  in  1907 


*  A  line  with  both  ends  on  buildings  Is  counted  twice, 
t  See  Chapter  IX. 
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Twenty-nine  points  were  occupied,  and  78  sides  were  observed  which 
formed  67  triangles;  the  average  error  of  closure  of  a  triangle  was  2" -5 
and  the  probable  error  of  an  angle  was  l"-2.  Beheira  province  was 
also  taken  up  in  1907  and  was  finished  in  1908. 

In  the  Fayum  province  which  was  first  taken  up,  the  object  was  to 
prepare  in  the  shortest  possible  time,  a  triangulation  sufficiently 
accurate  to  control  the  traverse  work  and  the  detail  survey  which  was 
to  be  plotted  to  the  scale  of  1 :  2,500.  The  two  triangulators  of  the 
hydrographic  survey  were  therefore  moved  into  the  Fayum  at  the 
end  of  1898  where  a  major  and  minor  network  of  triangles  was 
reconnoitred  and  the  angles  were  afterwards  observed. 

The  major  triangulation  consisted  of  triangles  having  sides  from 
eight  to  ten  kilometres  long ;  fifty-seven  stations  were  occupied  and 
a  hundred  and  sixteen  lines  were  observed,  of  which  the  average 
length  was  8-7  kilometres.  There  were  eighty-one  triangles  and  the 
average  error  of  closure  of  a  triangle  was  3"-8  while  the  probable  error 
of  an  angle  was  ±  l"-5.  The  observations  were  made  with  a  25-centi- 
metre micrometer  theodolite  by  Starke  and  Kammerer,  of  Vienna.  A 
systematic  method  of  observation  was  now  introduced ;  observations 
were  taken  on  six  arcs,  the  instrument  being  set  30°  further  on  the 
horizontal  circle  at  the  commencement  of  each  arc;  a  complete  obser- 
vation consisted  of  a  set  of  readings  with  both  micrometers  taken 
with  the  vertical  circle  both  face-right  and  face-left. 

After  the  Fayum  province,  those  of  Daqahlia  and  Qaliubia  in  the 
eastern  part  of  the  Delta  had  to  be  triangulated,  being  the  only  ones  in 
Lower  Egypt  which  had  not  been  yet  surveyed.  The  southern  two- 
thirds  of  the  area  was  highly  cultivated  and  in  the  neighbourhood 
of  Maimun,  halfway  between  Zagazig  and  the  Nile,  there  were  dense 
groves  of  palms.  This  made  the  work  difficult,  for  the  time  available 
did  not  admit  of  building  elaborate  towers,  so  such  balconies  of 
minarets  as  were  sufficiently  well  constructed  had  to  be  utilized  ; 
twenty-one  points  had  therefore  to  be  placed  on  buildings,  a  larger 
number  than  in  any  other  province.  The  second  order  triangulation 
in  this  part  consisted  of  polygons  which  were  carried  from  Cairo, 
where  a  base  was  measured  close  to  Abbassia,  through  Qaliubia  and 
Daqahlia,  passing  round  the  mass  of  palm-groves  near  Maimun.  This 
gap  was  filled  in  by  the  smaller  triangles  of  the  third  order 
triangulation.    The  base  extension  near  Abbassia  included  the  point 
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on  the  Moqattam  Hill  occupied  by  the  transit  instrument  of  the 
British  Transit  of  Venus  Expedition  of  1874.*  This  is  the  point  of 
which  the  longitude  2h.5m.  6  s.  -24  E.  of  Greenwich,  as  determined  by 
the  expedition  of  1874,  is  still  the  fimdamental  longitude  for  Egypt, 
although  it  is  practically  certain  that  its  value  needs  some  slight 
correction  as  is  shown  in  the  discussion  of  the  principal  geograph- 
ical positions  in  Egypt  in  Chapter  XV.  When  the  Fayum  province 
was  being  triangulated  no  satisfactory  connection  with  the  Transit 
of  Venus  station  of  Moqattam  Hill  could  be  made,  since  the  triangula- 
tion  of  Giza  province  was  not  accurate  enough ;  a  provisional 
longitude  of  a  point  at  Medinet  el  Fayum  was  therefore  obtained 
by  exchanging  chronometer  signals  between  it  and  the  Abbassia 
Observatory,  while  the  latitude  was  obtained  by  astronomical  obser- 
vations of  Polaris.  When  the  final  connection  of  the  Fayum  triangu- 
lation  with  the  valley  triangulation  was  made  in  1906  the  errors  in 
latitiide  and  longitude  proved  to  be  3" -6  and  10" -2  respectively. 

Taking  the  second  order  work  in  Qaliubia  and  Daqahlia  provinces 
together,  forty-five  stations  were  occupied  and  one  hundred  and  three 
lines  were  observed,  of  which  the  mean  length  was  fifteen  kilometres ; 
sixty- four  triangles  were  laid  out,  of  which  the  average  error  of  closure 
was  2"-4  while  the  probable  error  of  an  angle  was  ±  0"-91. 

It  had  been  intended,  after  completing  the  second  order  triangu- 
lation of  these  two  provinces,  to  extend  it  southwards  as  a  chain  of 
quadrilaterals  up  the  Nile  Valley,  and  to  connect  these  with  the  Fayum 
triangulation  in  passing,  but  circumstances  prevented  this  scheme 
from  being  carried  out  and  necessitated  the  adoption  of  a  much  more 
inconvenient  one.  The  recent  low  floods  had  enabled  work  on  the 
Aswan  Dam  and  the  Assiut  Barrage  to  be  pushed  on  more  rapidly  than 
had  been  originally  estimated,  so  that  the  reservoir  was  first  filled  in  the 
beginning  of  1903.  This  enabled  a  large  area  of  land  in  the  provinces 
of  Assiut,  Minia  and  Beni  Suef  to  be  converted  from  basin  to  perennial 
irrigation,  thereby  greatly  increasing  its  value.  It  became  necessary, 
therefore,  to  leave  these  lands  as  long  as  possible  in  order  that  the 
new  canals  and  drains  should  be  made  and  that  the  changing  value  of 
the  land  should  have  time  to  take  its  new  value  before  re-assessment 


•  Cf.  "Observations  of  the  Transit  of  Venus,  December  8,  1874,"  edited  by  SiB  George  Airy. 
K.C.R,  F.R.S..  Astroiioiiier-Koyal. 
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of  the  tax  was  undertaken.  Instead,  therefore,  of  continuing  a  chain 
of  triangulation  up  the  valley,  it  was  necessary  to  break  off  and  make 
a  fresh  start  at  a  point  600  kilometres  further  up  the  river,  and  then 
work  southwards  to  the  Sudan  frontier  near  Wadi  Haifa  before 
turning  northwards  and  descending  the  valley  to  join  the  earlier 
work  at  Cairo.  Nothing  could  have  been  more  inconvenient  for  the 
triangulator  and  the  computer,  but  there  was  no  means  of  avoiding 
the  interruption  of  the  work,  and  there  was  no  time  to  triangulate  this 
length  of  valley  before  commencing  the  detail  survey  of  the  southern 
districts.  The  most  suitable  point  at  which  to  recommence  was  Luxor, 
where  the  latitude  and  longitude  had  been  determined  in  1874  by  Pro- 
fessor Auwers,  of  Berlin,  on  the  occasion  of  the  Transit  of  Venus  in  that 
year,*  at  the  same  time  that  the  position  of  a  point  on  Moqattam  Hill 
was  being  fixed  by  the  British  expedition.  When,  four  years  later 
the  triangulation  had  been  carried  down  the  Nile  to  join  that  of 
Qahubia  and  Daqahlia,  the  following  errors  of  closure  were  found  : — 

EiTor  o£  closure  in  Intitudo  at  the  Venus  station  on  Grebel  Mo(iattam  +  4'']2 
Error  of  closure  in  longitude  at  tlie  Veiuis  station  on  Goel  Moqattam  —  ll""  72 
Error  oE  closure  in  azimuth  of  Great  Pyramid-Venus  Stittion  lino      —28"  •  1 

In  1902,  triangulation  of  the  second  order  was  commenced  in  the 
provinces  of  Qena  and  Girga  and  the  plan  already  mentioned  of 
employing  a  chain  of  quadrilaterals  along  the  Nile  Valley  was  carried 
out.  Base-lines  were  measured  at  intervals  of  about  150  kilometres, 
and  at  these  astronomical  observations  for  latitude  and  azimuth  were 
made.  The  section  of  the  chain  between  each  pair  of  base-lines  was 
computed  as  a  whole  to  avoid  the  accumulation  of  errors,  and  to 
secure  consistency. 

The  bases  for  the  Qena-Girga  section  were  at  Khattara,  near  Aswan  ; 
at  Gebelein,  in  Luxor  district ;  at  Ambir,  in  Nag  Hamadi  district  and 
near  Girga,  in  Tema  district ;  these  have  already  been  discussed  in  the 
preceding  chapter. 

In  Qena  province  thirty-five  stations  were  occupied  and  eighty-eight 
lines  were  observed,  forming  sixty-four  triangles,  of  which  the  average 
error  of  closure  was  2"-19  and  theprobable  error  of  an  angle  was  ±0"'83. 


•    Aliliaiidlunpen  der  konigliclien  Akadpmic  der  Wisfeiischafteii. "    I'orlin,  1S77, 
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In  Girga  twenty-one  stations  were  occupied  and  fifty-five  lines  were 
observed,  forming  forty-six  triangles  of  which  the  average  error  of 
closure  was  3"-04,  and  the  probable  error  of  an  angle  was  ±  1"-16. 

The  triangulation  of  these  two  provinces  and  also  of  that  of  Aswan 
from  Dakka  to  Esna  was  completed  in  1903.     The  inundation  of 
the  cultivable  lands  from  the  middle  of  August  till  late  in  October 
reduced  the  time  available  for  surveying  in  Upper  Egypt,  so  that  the 
staff  of  the  detail  survey  had  to  be  increased  in  order  to  keep  up  to 
the  original  programme.    This  involved  an  increased  out-turn  from 
the  triangulators  who  were  now  working  in  a  part  of  the  country 
where  much  time  was  inevitably  spent  in  crossing  from  one  side  of 
the  Nile  to  the  other.    It  became  necessary,  therefore,  to  stop  the 
second  order  triangulation  at  Dakka  ( lat.  23°  10'  N. )  and  employ 
third  order  triangulation  only  between  this  point  and  Wadi  Haifa. 
This  did  not  introduce  any  appreciable  error  into  the  work  for  the 
valley  in  this  part  is  very  narrow  and  the  amount  of  cultivable  land 
is  extremely  small ;  it  is  rarely  as  much  as  two  kilometres  wide,  and 
the  cultivation  consists  of  patches,  each  a  few  hundred  metres  long 
by  two  or  three  hundred  wide.    Beyond  this,  the  desert  commences. 
In  the  250  kilometres  of  valley  between  Dakka  and  Faras,  which  is 
the  point  where  the  administrative  boundary  between  Egypt  and  the 
Sudan  crosses  the  Nile,  there  are  only  23,000  feddans  (about  10,000 
hectares)  of  land  of  all  kinds  recorded  in  the  land-registers.    This  length 
of  valley  was  therefore  covered  by  a  chain  of  173  triangles  having  an 
average  length  of  side  of  4,500  metres  ;  the  average  error  of  closure 
of  a  triangle  was  2"*4,  the  greatest  being  7"'5  ;  the  probable  error 
of  an  angle  was  ±  0"-9.    The  triangulation  was  extended  to  Wadi 
Haifa  by  an  additional  group  of  39  triangles,  of  which  the  average 
error  of  closure  was  2"-2.    At  Wadi  Haifa  one  of  the  terminal  points. 
No.  60,  was  the  same  as  that  whose  longitude  was  determined  by 
Colonel  the  Hon.  M.  G.  Talbot,  K.E.,  in  1893  and  1897.    At  this  time 
there  was  still  a  gap  in  the  chain  of  triangulation  near  Aswan,  so 
that  the  positions  of  the  points  in  Nubia  were  at  first  computed 
with  reference  to  a  provisional  longitude  of  the  south  point  of 
Addendan  base  in  order  that  the  traverse  work  might  be  computed, 
the  field-sheets  projected,  and  the  traverse  points  plotted  on  them. 
Later,  however,  when  the  Nile  Valley  chain  was  complete,  the  co- 
ordinates of  these  points  were  brought  into  agreement  with  the  rest 
of  the  system. 
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In  1904,  besides  completing  work  in  Aswan,  the  second  order 
triangulation  was  carried  northwards  from  Girga  province  through 
those  of  Assiut,  Minia  and  Beni  Suef ,  where  it  was  connected  with  that 
of  the  Fayum  which  had  been  done  five  years  before.  In  these  provinces 
of  Assiut,  Minia  and  Beni  Suef,  17,  26,  and  7  stations  respectively,  were 
occupied,  and  43,  60,  and  23  lines  were  observed  ;  the  sides  were  rather 
longer  than  had  usually  been  the  case  since  the  Nile  valley  attains 
its  greatest  breadth  in  this  part ;  in  Assiut,  the  mean  length  of  side 
was  22  kilometres  and  in  Beni  Suef  it  was  24,  while  in  Minia  it  was  15 
kilometres.  Bases  were  measured  at  Roda,  Tema,  and  Feshn  as 
already  described. 

The  number  of  triangles  in  these  three  provinces  and  the  average 
error  of  closure  of  a  triangle  as  well  as  the  probable  error  of  an  angle  is 
given  in  the  following  table  : — 


Province. 

No.  of  triangles. 

Average  error 
of  closure. 

Probal)le  error 
of  an  iingle. 

Assiut  

:]'> 

±()"-8 

Minia  

1)7 

■2  •() 

±0  -8 

Beni  Suef  

15 

2  -l 

±0  •'.) 

In  1905  a  few  points  in  Minia  which  had  not  been  observed  during 
the  previous  year  were  completed  and  the  chain  of  triangulation  was 
carried  over  Giza  province  in  order  to  connect  the  triangulation  of 
Upper  Egypt  with  the  "  Transit  of  Venus "  station  on  Moqattam 
Hill,  and  with  the  triangulation  of  Qaliubia  and  Daqahlia  provinces 
which  had  been  observed  in  1900  and  1901.  This  was  done  rapidly 
and  for  topographical  purposes,  so  that  it  was  not  of  quite  the  same 
order  of  accuracy  as  the  triangulation  of  the  rest  of  Upper  Egypt. 
The  resulting  network  has  given  a  system  of  points  amply  adequate 
to  the  needs  of  the  cadastral  survey,  though  it  can  be  improved  by  a 
general  discussion  of  the  results  as  soon  as  time  for  this  is  available. 
It  was  now  possible  for  the  first  time  to  base  a  map  of  Egypt  on  a 
connected  triangulation  carried  out  from  Damietta  in  the  north  to 
Wadi  Haifa  in  the  south,  and  extending  over  9°  36'  of  latitude 
or  1,060  kilometres  measured  along  the  meridian. 
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The  triangulation  had  been  commenced  in  1899  in  Fayum  province 
and  following  this,  in  1899  and  1900,  the  provinces  of  Daqahlia  and 
Qaliubia  were  triangulated  ;  in  these  the  central  polygon  was  employed 
as  in  the  general  figure,  and  a  chain  of  them  extending  from  Damietta  to 
Cairo  was  completed  by  June,  1901.  In  Upper  Egypt  the  conditions 
were  difEerent,  for  the  area  to  be  surveyed  lay  in  a  valley  flanked  by 
steep  cliffs  ;  the  quadrilateral  was,  therefore,  adopted  as  the  principal 
figure  of  the  triangulation,  and,  with  the  exception  of  some  more  com- 
plex figures  in  the  extension  of  the  various  bases,  was  exclusively 
employed  to  the  south  of  Cairo.  The  following  table  shows  the  date 
of  commencement  and  conclusion  in  each  province  : — 


'  rniviniM'. 

I'lTiiid  of  0|i(!nitioiis. 

Qcna  

■January  1  to  November  15,  1902. 

G  i  rya   

November  20  to  Deceml)er  31,  1901,  and  February  1  to 

Aswan   

Assiut   

Miniii   

Belli  .Suet'   

Gi/.a  

May  r>,  1!)(),'5. 

November  10,  11)02,  to  FoI)ruary  1, 1903,  and  November  15. 

1903,  to  March  1,  1904. 
May  H  to  June  1,  1903,  and  Deeembor  25,  19J.3,  to  April 

31),  1904. 

March  1  to  Mav  15. 1904,  and  October  10, 1904,  to  January 
20.  1905. 

JVIay  1(5  to  June  15,  191)5,  and  October  15  to  December  31, 
1904. 

June  10  to  July  20,  19t)4,  and  February  1  to  Ai)ril  1,  1905. 

iSharqia  

Beheira  

November  10,  190."),  to  June,  190i;.  Au'MKst,  1900  to  Marcli, 
1907. 

November  25,  190i),  to  October,  1907. 

Gharbia  

Mardi,  1907,  to  December,  1908. 

Da<|alilia   | 

Qaliubia   \ 

December,  1900,  to  Octoi)cr,  1901. 

Fayum   

October,  1899,  to  June,  1900. 

It  should  be  stated  that  the  closing  errors  of  the  triangles  are 
the  averages  of  the  numerical  values  of  the  errors,  and  the  probable 
■  errors  of  the  angles  have  been  derived  from  them  by  C.  F.  Peters' 
formula. 


Statistical  Data  of  Second  Order  Triangulation. 


I'roviiiecs. 

Exti-nt 

ill 
sfiiiare 
kilometres. 

Time 
tiiken  in 
man-days. 

Stitions 
occupied. 

IJnes  observed. 

Triiingles. 

Ayerage  length 

Cost. 

Cost  per 
square 
kiiouietre. 

Cost  per 
otation. 

Average  error 
of  closure 
of  triangles. 

kilometres. 

L.i:. 

L.E. 

L.E. 

Fayuni   

Qaliubia    ...  / 
Daqahlia  ...  ) 

1,881 
3,;}98 

293 
270 

57 
45 

116 
103 

81 
64 

9 
15 

703 
1,416 

0-374 
0-416 

12-3 
31-5 

3" -80 
2" -40 

(Jena  

Girga  

Aswan   

Assiut   

Minia  

Beni  Siief  

(iiza  

Sharqia  *  

Belieira 

MenuKa   

(Jharbia  t  

2,544 
1,495 
3,500 
2.122 

2,(>()(; 

1,170 
1,1(J0 
3,420 

1,572 
t;,554 

153 
1(;5 
321 
222 
168 
92 
71 

\  360 

35 
21 
39 
17 
26 
7 
10 
29 

1  "9 
1  36 

88 
55 
93 
43 
60 
23 
28 
78 
01 
27 

72(appror.) 

64 
46 
77 
35 
37 
15 
20 
57 

'IS. 

17 

58  (approx.) 

15 
16 
17 
22 
15 
24 
19 
14 

14 

17  (approx.) 

599 
6]  2 
985 

i.c;!i 

'X2 
256 
327 

j-  1,400 

0-235 
0-409 
0-281 
0-486 
0-480 
0-219 
0-282 

0  lo< 
0-172 

17-1 
29-1 
25-3 
60-C 
37-0 
36-6 
32-7 

on  ■  A 

29  4 
31-2 

2' '19 

3' -04 

2' -48 

2" '04 

2" -02 

2'-40 

2" -34 

2; -50 

1"'80 
j    2" -30 
1    2" -47  in- 
complete. 

Egypt   

35,380 

2,327 

35t; 

847 

609 

15-0 

9,143 

0-286 

28-0 

2" -55 

•  The  triangulation  of  Sharqia  province  was  done  by  various  parties  in  tlie  intervals  from  other  work  and  it  is  not  possible  to  estimate  the  cost, 
t  Gharbia  is  not  yet  completed. 


\ 


Statistical  Data  of  Third  and  some  Fourth  Ordkr  Tkiangulation  up  to  Decembkk  1907. 


Province. 

Extent 

in 
square 
kilometres. 

Time 
talien  in 
man-days. 

stations 
occupied. 

Lines 
observed. 

Triiingles. 

Average 
area  in 
squar(! 
kilometres. 

Average 
length 
of  sides  ill 
Icilometres. 

(4) 

Cost. 

Cost 
per  square 
kilometre. 

Cost 
per 
station. 

Average 

error 
of  closure 
of 

triangles. 
(4) 

L.  E. 

L.  E. 

I,.  E. 

Fayum   

Qaliubia  

Daqahlia  

Qena   

Aswan   

Girga   

Assiut   

JMinia   

Beni  Sue£   

Menufia  

Sharqia  

Gharbia  

2,100 
930 
2,520 
1,447 
2,867 
1,441 
1,950 
1,830 
1,000 
300 
3,420 
3,243 
130 

467 
443 
1,034 
543 
517 
479 
433 
455 
205 
498 
3,744 
4,155 
293 

239 
222 
574 
306 
340 
229 
227 
223 
170 

61 
933 
768 

39<«) 

654 
537 
1,446 
606 
875 
590 
758 
6.30 
400 
230 
2,337 
2  3% 
67 

330 
357 
902 
467 
338 
355 
379 
356 
259 
120 
2,105 
1,850 
33 

6-4 
2-6 
2-8 
3' 2 
7*5 
2-9 
5-6 
5-2 
4-5 
2-5 
4-0 

iJ  O 

4'5 

4-  5 

2-  8 

3-  1 
3-2 

5-  2 

3-  0 

4-  1 

3-  2 

4-  0 

2-  7 
3*2 
3*7 

"LI  1 

3-  5 

848 

562 
1,475 

885 

861 

956 

938 

950 

379 

388 
4,615 
3  04-6 

450(3) 

0-402 
0-604 
0-585 
0-599 
0-301 
0-663 
0-481 
0-519 

0-  379 

1-  273 
1-349 
0-039 
3-462") 

3-  55 
2-53 
2-57 
2-89 
2-54 

4-  17 
4-13 
4-26 

2-  23 
6-36 
4-95 

3-  9fi 
11-54(3) 

6' -6 
3°-7 
4'-5 
.3" -3 
2'-5 
.3' -2 
2'-6 
3"-0 
3'-6 
4'-0 
4'-3 
3° -5 
3"-3 

Total  

23,178 

13,671 

4,331 

11,540 

7,551 

4-2 

3-6 

16,353 

0-706 

3-78 

3" -8 

(1)  In  Gliarhia  and  Beheira  provinces  owing  to  the  introduction  of  fourth  order  triangulation  which  was  sometimes  observed  by  them,  the  working-days  of 

assistants  was  included  which  was  not  done  previously. 

(2)  Fifty  points  have  been  observed  but  only  39  have  been  finally  accepted. 

(3)  These  figures  are  not  representative  owing  to  the  work  being  only  in  its  initial  stage  and  to  the  reason  given  in  (2). 

(4)  Calculated  for  third  order  points  only. 


CHAPTER  XTV. 


Theodolite  Traverse. 

While  in  some  countries  the  area  inckided  within  the  sides  of  the 
smallest  series  of  triangles  is  divided  up  by  straight  chain-lines  measured 
in  the  first  instance  from  one  triangulation  point  to  another,  and  then 
by  numerous  tie-lines  and  subordinate  lines,  in  others  traverse  lines  are 
surveyed  with  a  theodolite  and  chain  which  follow  the  most  conveni-jnt 
course  and  frequently  change  direction.  In  the  first  system,  which 
the  British  Ordnance  Survey  has  mainly  employed,  no  angular 
measurements  are  made,  but  all  is  done  by  means  of  accurate 
chaining;  in  the  second  system,  a  course  is  taken  more  or  less  directly 
from  one  triangulation  point  to  another,  and  consists  of  a  series  of 
straight  lengths  which  usually  differ  from  one  another  in  direction. 
The  straight  portions  are  measured  with  a  steel  band  or  chain  and 
the  angles  which  they  make  with  one  another  are  measured  with  a 
theodolite. 

There  are  advantages  which  may  be  claimed  for  both  methods,  and, 
in  any  particular  case,  local  conditions  must  determine  which  should 
be  employed. 

In  Egypt  the  decision  was  mainly  based  on  the  fact  that  the  ele- 
mentary method  of  survey  with  plane-table  and  chain,  such  as  was 
employed  from  1892  to  1895,  might  be  greatly  improved  and  very 
fairly  controlled  by  closed  traverses  executed  with  a  theodolite  and  a 
chain.  By  this  means,  a  number  of  points  could  be  located  of  which 
the  algebraic  sums  of  the  errors  in  angular  and  linear  measurement 
could  be  limited  to  a  certain  range  dependent  on  the  efficiency  of  the 
staff  employed.  These  errors  could  be  distributed  among  the  angles 
and  sides  in  the  most  favourable  manner  and  thus  a  control  was 
obtained  for  the  chain  survey  which  started  from  and  closed  on  the 
points  thus  determined. 

As  has  already  been  stated.  Sir  Bamfylde  Fuller,  who  was  in  Egypt 
in  the  latter  part  of  1895  to  report  on  agricultural  methods  and  de- 
velopment, was  asked  to  report  upon  the  State  Lands  Survey  also. 
His  recommendations  were  made  with  a  view  to  introduce  a  general 
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improvement  of  the  methods  used  so  as  to  obtain  maps  and  land- 
registers  analogous  to  those  of  the  Revenue  Survey  of  India. 

Theodolite  traverses  were  to  be  introduced  to  control  the  chain 
survey  and  he  strongly  urged  the  provision  of  triangulation  to  which 
the  traverses  might  be  connected  and  by  which  they  could  be  con- 
trolled. When  this  new  procedure  was  introduced,  almost  the  whole 
of  Sharqia  province  had  already  been  surveyed  with  the  plane-table, 
as  well  as  about  two-thirds  of  Beheira ;  but  the  remaining  villages 
were  traversed  with  the  theodoUte  and  the  points  so  determined 
served  as  a  control  for  the  detailed  survey  in  which  every  holding  was 
to  be  shown.  After  these  two  provinces  were  completed,  theodolite 
traverses  were  made  use  of  in  all  the  others,  at  first  without,  but  after 
1898,  invariably  with  the  further  control  of  triangulation. 

In  1896,  nine  engineers  were  employed  on  theodolite  traverse  work, 
and  fifty  villages  were  completed  in  the  first  five  months  of  the  year. 
As  soon  as  the  provinces  of  Beheira  and  Sharqia  had  been  completed, 
work  was  undertaken  in  Gharbia  and  then  in  Giza,  where  the  triangu- 
lation of  the  hydrographic  survey  which  had  been  observed  in  1897 
was  utilized  as  a  control,  and  thus  for  the  first  time  triangulation 
became  the  real  basis  of  the  work.  It  has  been  already  stated 
that  this  triangulation  was  not  of  sufficient  precision  to  control  ade- 
quately a  land  survey  on  the  scale  of  1 :  4,000,  and,  at  times,  it  was 
doubtful  whether  a  discrepancy  found  to  exist  was  necessarily  due  to 
inaccurate  traversing,  since  the  triangulation  was  at  times  not  above 
suspicion.  Still,  it  was  of  much  assistance  and  checked  such  gross 
errors  as  the  traversers  might  make. 

The  provinces  of  Gharbia  and  Menufia  were,  however,  surveyed 
wholly  by  means  of  closed  traverses  which  were  used  to  control  the 
chain  survey  and  in  them  no  triangulation  existed,  since  the  former 
was  commenced  in  1896,  and  the  latter  had  to  be  commenced  in  1898, 
when  the  triangulation  staff  was  only  sufficient  to  observe  the  angles 
of  the  network  in  the  Fayum  province. 

The  method  of  work  for  executing  the  theodolite  traverses  was  at 
first  as  follows  :  The  province  imder  survey  was  divided  up  into 
sections  of  about  20,000  feddans  (8,400  hectares)  which  approximated 
to  districts,  and  these  large  blocks  were  traversed  with  care,  the  work 
being  done  by  the  more  efficient  of  the  staff,  who  also  traversed  the 
villages  lying  on  the  boundary ;   the  less  experienced  staff  was 
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distributed  among  the  inner  villages.  The  internal  angles  of  each 
traverse-polygon  were  measured  with  a  5-inch  theodolite  reading  to 
30"  ;  the  telescope  then  being  reversed,  the  observations  were  repeated, 
so  that  four  vernier  readings  in  all  were  obtained. 

The  azimuth  of  a  side  of  the  traverse  was  observed  from  time  to  time 
by  measuring  the  altitude  of  the  sun  and  simultaneously  the  bearing 
of  the  sun's  centre,  the  time  and  the  position  of  the  place  being  ap- 
proximately known. 

The  distances  were  chained  twice,  firstly  with  a  chain  measuring 
6  qassabas  ia  length,  each  qassaba  (3-55  metres)  being  divided  into 
twenty-four  parts,  and,  secondly,  with  a  special  chain  known  as  a 
"  feddan "  chain  which  was  20-409  metres  in  length.  This  latter 
chain  was  of  such  a  length  that  the  area  of  a  square  the  side  of  which 
was  one  such  chain  was  equal  to  O-l  feddan.  It  was  estimated  that  a 
traverser  could  complete  an  area  of  about  14,500  feddans  (6,100 
hectares)  in  a  month  of  twenty-six  days,  and,  allowing  10  %  as  needing 
correction,  an  effective  monthly  out-turn  of  about  13,000  feddans 
(5,500  hectares)  was  anticipated.  The  number  of  points  which  it  was 
desirable  to  fix  per  unit  of  area  was  not  laid  down,  but  there  were  on 
the  average  four  points  in  Sharqia  and  seven  points  in  Beheira  to  each 
square  kilometre  ;  in  Gharbia  there  were  on  the  average  five  and  a  half 
points  to  a  square  kilometre ;  thus  it  will  be  seen  that  the  number 
of  points  was  very  low  for  a  country  in  which  the  land  was  so 
subdivided. 

The  statistical  information  which  is  now  available,  concerning  the 
traverse  work  in  the  provinces  of  Sharqia,  Beheira  and  Gharbia,  is 
given  in  the  following  table.*  Only  part  of  Sharqia  and  Beheira 
provinces  were  traversed  (see  plan  XX),  but  the  whole  of  Gharbia 
was  surveyed  in  this  way;  there  was,  however,  no  triangulation 
control. 


*  communicated  by  Kamil  Effendi  Wali  who  was  in  charge  of  computation  ia  1898. 
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1  liiiti*ir>t 
uioijLiyiitt 

Area  * 

Traversed. 

Number 

Number 
of  points 

ill  feiUIaiis. 

fioin 

to 

of  points. 

per  square 
kilometre. 

( 

Zagazig   

35,084 

T 

1806 

V 

1896 

527 

3-57 

Sharqia  i 
1 

Belbeis  

Miniet  el  Qaiiili... 

38,883 
45,654 

\' 
V 

1806 
1806 

VI 
VI 

1896 

1896 

625 
1,122 

3-82 
5*34 

dehia  

14,93'.) 

IV 

1806 

V 

1896 

289 

4*60 

Daman  liur  

46,075 

VI 

1806 

VIII 

1896 

1,243 

6-42 

Delingat   

56,663 

VIT 

1806 

VIII 

1896 

2,106 

8-84 

Boheira  { 

Shubrakhit  

60,811 

VII 

1806 

VIII 

1896 

1,485 

5*81 

Ncgila  

64,157 

VII 

1806 

IX 

1896 

1,756 

6'51 

Alexandria  

11,662 

VIII 

1806 

X 

1896 

339 

6*91 

/ 

KafrelZayat  ... 

67,822 

XI 

1806 

XII 

1806 

2,418 

8-48 

Tanta  

108,467 

XII 

1806 

! 

1897 

2,758 

6 '05 

Santa  

58,050 

I 

1807 

II 

1897 

1,826 

7-48 

Zifta   

55,404 

I 

1897 

II 

1807 

1,716 

7-37 

(jrnarbia< 

Mehallet  Rubra... 

Dessu(]  

108,157 
64,642 

TT 
I  L 

III 

1897 

1  > 

\'I 

1897 

2,918 
1,403 

6-42 
5-17 

Kafr  el  Sheikh... 

349,608 

X 

1807 

11 

1898 

3,530 

2-40 

Fua   

83,876 

VIIT 

1807 

VI 

1808 

1,756 

4-98 

Talkha  

111,439 

XIT 

1897 

HI 

1808 

1,783 

3-80 

Sherbin   

409,826 

III 

1898 

VI 

1899 

6,843 

3-01 

Mean  

6-24 

The  traverses  of  Oiza  and  Menufia  provinces  were  executed  just 
before  and  after  the  formation  of  the  Survey  Department;  in  Giza 
the  triangulation  of  the  hydrographical  survey  was  utilized  as  a 
control,  but  in  Menufia  none  was  available  as  already  explained. 


*  These  areas  ar«  only  approximately  oorrrt, 
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The  statistics  for  these  two  provinces  are  given  here: — 


Til  cf 

Area  in 

TRA  VERSED. 

Number 

Number 
of  points 

feddans. 

from 

to 

of  points. 

per  square 
kilometre. 

Giza...  1 

Giza  

Embaba   

Ayat  

Sai¥   

49,919 
92,059 
56,094 
46,817 

III  1898 
XII  1897 
I  1898 
X  1898 

V  1898 
III  1898 
VII  1898 

V  1898 

1,363 
1,744 
1,210 
1,210 

6*49 

4-  51 

5-  13 

6-  10 

Mean  ... 

5-56 

MenufJaj 

Tala  

Ashmun   

Menuf   

Quesna   

Shibin  el  Kom... 

79,013 
72.639 
79,154 
71,274 
71,343 

IV  1897 
VIII  1897 
III  1899 
I  1900 
XII  1899 

Vni  1897 
Vlir  1898 
X  1899 
VII  1900 
Vii  1900 

1,610 
1,630 
3,790 
2,935 
3,066 

4-  80 

5-  34 
11-39 

9-96 
10-22 

The  records  for  Fayum  are  incomplete,  but  for  the  districts  of  Etsa, 
Fayum  and  Sennures  6,723,  3,911,  and  4,251  marks  respectively  were 
placed,  equivalent  to  8-8,  10-7,  and  7*0  per  square  kilometre,  or  8-6 
for  the  whole  province. 

The  polygons  were  checked  by  adding  up  the  internal  angles  and 
any  error  was  divided  among  the  angles. 

At  first  wooden  pickets  were  used  to  mark  the  points  of  the  traverse, 
but  these  were  soon  lost  or  removed ;  then  earthenware  drain-pipes, 
6  centimetres  in  diameter  and  about  30  to  35  centimetres  long  were 
tried,  but  these  were  too  attractive  to  the  "  fellahin,"  who  found  them 
most  useful  in  the  irrigation  of  their  fields,  and  the  pipes  were  removed 
almost  as  fast  as  they  were  put  down.  Roughly  dressed  limestone 
blocks  were  next  tried  and  proved  fairly  satisfactory ;  they  were 
conspicuous,  heavy  to  transport  and  did  not  indicate  very  precisely 
the  point  referred  to,  but  the  people  were  accustomed  to  the  use  of 
boundary-stones,  and  in  some  districts  they  were  not  removed  to  any 
very  great  extent ;  in  others,  however,  more  than  half  the  points 
were  taken  away  during  the  detail-survey.  They  were  usually  20  centi- 
metres by  20  centimetres  in  section  and  about  50  centimetres  in  length, 
but  varied  considerably.  Since  there  is  no  stone  in  the  Delta  all  these 
stone  marks  had  to  be  quarried  near  Cairo  and  sent  by  rail  to  the 
station  nearest  to  the  village  where  work  was  being  carried  on.  From 
this  point  the  inhabitants  of  the  village  transported  them  to  the  village 


and  set  them  in  the  positions  indicated  by  the  surveyor.  This  was  a 
small  undertaking  in  the  early  stages  of  the  work,  when  only  three  to 
four  points  per  square  kilometre  were  being  placed,  but  later,  in  1899, 
when  six  times  the  number  were  employed  and  the  work  was  being 
pushed  on  more  rapidly,  the  charge  became  burdensome  and  the  cost 
of  transport  and  placing  was  henceforth  borne  by  the  Government. 

In  1898,  when  the  Survey  Department  was  formed  and  when  the 
decision  to  commence  the  re-assessment  of  the  land-tax  forthwith  had 
been  arrived  at,  it  was  necessary  to  examine  this  branch  of  the  work 
in  order  to  see  what  improvement  was  possible  in  order  to  increase  both 
the  rapidity  and  the  accuracy  of  the  work.  The  experience  of  the  past 
two  years  furnished  the  necessary  information  and  several  changes 
were  at  once  made.  Transit  theodohtes  were  substituted  for  those  in 
use  which  had  a  central  support  or  were  of  the  Everest  pattern  in 
which  reversing  the  telescope  was,  therefore,  somewhat  troublesome  and 
was  likely  to  be  omitted.  Steel  chains  were  substituted  for  those  of 
wrought-iron  wire  which  had  been  hitherto  in  use  and  which  had  been 
found  to  alter  considerably  in  length ;  the  measurement  with  two 
chains  seemed  to  give  a  control  which  was  more  apparent  than  real, 
and  the  two  measurements  in  opposite  directions  with  a  20-metre  steel 
chain  were  adopted  ;  the  number  of  points  per  square  kilometre  was 
increased  from  4-6  to  about  15-18;  computation  by  means  of  traverse 
tables  and  Fuller's  slide-rule  was  given  up,  and  the  co-ordinates  of  the 
points  were  calculated  by  the  aid  of  tables  of  natural  sines  and  cosines, 
and  computing  machines  ;  the  plotting  of  the  points  in  the  field-sheets 
was  also  greatly  expedited  by  using  a  co-ordinatograph  by  Coradi,  of 
Zurich,  instead  of  the  ordinary  plotting  scale.* 

But  the  most  urgent  and  important  modification  was  to  control 
the  traverse  by  a  reliable  triangulation  and  an  attempt  to  do  this 
had  been  made  already  by  using  the  work  of  the  hydrographical 
survey  in  Giza  ;  triangulation  in  the  Fayum  was  commenced,  but  a 
year  at  least  would  elapse  before  it  could  be  observed  and  computed. 
In  order  that  work  of  the  detail-survey  might  not  be  delayed,  the  small 
province  of  Menufia  was  commenced  and  surveyed  by  a  series  of  closed 
traverses  without  a  controlling  triangulation  ;  it  was  the  last  province 
treated  in  this  way. 


•  See  Computation,  Chapt^ir  XV. 
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The  procedure  followed  in  fixing  and  locating  traverse  points 
which,  should  control  the  work  of  the  chain-survey  consisted  in : — 

1)  selecting  the  lines  to  be  traversed ; 

2)  measuring  the  lengths  and  angles; 

3)  recording  the  descriptions  of  the  points  and  the  observations 
made. 

Notice  was  sent  to  the  province  or  district  office  of  the  names  of 
the  villages  which  would  be  traversed  during  the  next  month,  and 
the  "  omda  "  of  each  village  was  given  a  printed  notice  explaining 
the  nature  of  the  work,  and  requiring  that  he  or  his  representative 
should  point  out  the  boundaries  of  his  village  and  note  the  positions 
of  the  marks  which  were  placed. 

The  traverser  made  a  circuit  of  the  village  boundary  with  the 
"omdas"  of  the  village  and  of  those  which  adjoined  it,  in  order  to 
determine  its  position,  and  make  a  sketch  of  it ;  he  also  enquired 
whether  any  portions  of  the  village  lay  detached  in  other  villages,  or 
whether  land  of  other  villages  was  included  in  this  one.  If  the 
boundary  was  very  complicated  he  reported  the  case  to  his  inspector 
for  consideration,  together  with  any  suggestions  for  modifying  it. 

Marks  were  first  fixed  along  the  boundary  and  then  along  canal 
banks,  roads,  and  on  other  convenient  hues  so  as  to  provide  a  well- 
distributed  system  of  points.  During  this  stage  of  the  work  one 
measurement  of  the  length  of  the  sides  was  made. 

It  was  laid  down  that  the  density  of  points  should  be  about  sixteen 
per  square  kilometre,  and  the  maximum  and  minimum  length  of 
sides  were  fixed  at  500  and  50  metres  respectively.  A  descriptive 
list  of  all  the  points  was  made  at  this  time,  in  which  the  position 
of  the  point  was  defined,  and  the  name  of  the  owner  of  the  nearest 
plot  was  recorded  as  a  guide  to  its  recovery.  When  the  marks  had 
been  placed  and  their  positions  registered,  the  angles  were  measured 
and  the  second  measurement  of  the  length  of  the  sides  was  made. 
The  angles  were  observed  with  5-inch  transit  theodolites  without 
vertical  circles,  the  horizontal  circles  being  read  with  verniers 
to  30";  readings  were  taken  both  with  the  telescope  direct,  and 
after  it  had  been  reversed  in  its  trunnions.  The  expedient  of 
measuring  the  length  of  the  sides  on  two  separate  occasions  instead 
of  twice  when  the  angles  were  being  observed  was  only  employed 
so  long  as  it  was  difficult  to  keep  both  triangulation  and  traverse 
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sufficiently  ahead  of  the  chain-survey,  as  it  enabled  a  small  economy 
of  time  to  be  affected.  It  frequently  happened  that  traverse  lines 
had  to  be  run  before  the  triangulation  points  were  available,  and 
connection  was  made  later  as  soon  as  the  triangulator  had  placed  his 
mark.  At  every  stage  the  problem  arose  of  doing  as  much  work  as 
possible  so  as  to  avoid  subsequent  delay,  and  to  control  it  before 
any  of  it  was  actually  employed.  In  this  way  many  of  the  villages 
had  to  be  traversed  while  the  triangulators  were  at  work  in  the 
same  district ;  as  soon  as  they  had  finished,  the  traverses  were 
connected  to  the  nearest  triangulation  points  so  that  the  Computa- 
tion Office  could  compute  and  control  them,  in  order  to  plot  the 
points  so  determined  on  map-sheets  for  the  chain-survey  to  use  as 
soon  as  possible. 

Each  traverser  prepared  a  statement  of  the  work  done  in  each 
village,  giving  the  number  of  points  placed,  the  length  of  lines  tra- 
versed, the  time  taken,  etc.,  together  with  a  sketch  of  the  network. 
The  descriptive  list  of  the  points,  the  angle-sheets,  and  field-books 
were  sent  in  to  the  Computation  Office  at  Headquarters  as  soon  as 
the  work  was  done. 

The  average  rate  of  work  including  journeys,  walking  over  the 
ground,  placing  marks,  corrections,  etc.,  was  about  seven  points  per 
man  per  working  day,  or  about  half  a  square  kilometre  (119  feddans). 
As  there  are  about  270  working  days  in  the  year,  when  the  public 
holidays,  leave,  Fridays,  etc  ,  are  deducted,  the  annual  out-turn  per 
traverser  was  about  130  square  kilometres,  or  321,360  feddans. 

During  1899,  work  was  pushed  on  in  the  province  of  Giza  and  also 
in  Menufia,  in  order  to  give  the  triangulators  time  to  complete  their 
work  in  the  Fayum,  for  it  had  become  evident  that  the  small  staff 
available  could  with  difficulty  finish  Fayum  before  it  was  required  and 
that  Menufia  province  must  be  surveyed  without  triangulation,  but 
only  with  traverses  as  a  control,  on  account  of  the  necessity  for  keeping 
to  the  programme  which  had  been  laid  down  of  re-assessing  two  pro- 
vinces annually;  by  this  meam  an  earlier  start  could  be  made  with 
the  triangulation  of  Qaliubia  and  Daqahlia. 

In  1900,  all  the  traverse  lines  in  Menufia  province  had  been  marked 
and  observed  and  those  in  the  Fayum  were  nearly  finished  by  the  end 
of  the  year.  The  rate  of  traverse  work  is  mainly  affected  by  the 
willingness  of  the  villagers  to  preserve  the  marks  put  down ;  in 
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districts  where  they  are  not  interfered  with,  work  goes  on  rapidly, 
but  in  other  places  where  they  are  removed  or  displaced  it  is  much 
delayed.  In  no  part  of  Egypt  was  interference  with  the  marks  carried 
to  such  an  extent  as  in  the  Fayum  province  ;  in  all  parts  of  the  country 
a  certain  percentage  of  points  are  lost  by  accident  or  theft,  but,  in 
Fayum,  fifteen  and  twenty  marks  would  be  missing  from  a  single 
small  village.  The  sheikhs  of  the  village  are  shown  the  position  of  the 
marks,  descriptive  lists  are  supplied  to  them,  signed  undertakings  are 
received  that  the  marks  shall  be  respected,  but  all  were  as  ineffectual 
and  worthless  as  those  taken  fifteen  years  before  by  the  Cadastre  of 
1878-1888.  Legal  proceedings  entailed  much  loss  of  time  in  witnesses 
attending  to  give  evidence  when  they  were  urgently  required  in  the 
field  at  their  work,  so,  as  the  primary  consideration  was  the  rapid 
completion  of  the  maps  in  order  to  admit  of  speedy  re-assessment  of 
land-tax,  the  only  practical  solution  was  to  increase  the  average 
number  of  points  per  square  kilometre  so  as  to  allow  for  probable 
losses.  Even  then,  the  loss  of  more  important  points  necessitated 
repetition  of  parts  of  the  work,  and  in  the  Fayum  province  enough 
work  was  done  to  traverse  a  province  half  as  large  again.  This  greatly 
delayed  the  extension  of  the  traverse  to  Daqahlia  and  Qaliubia  in  1901, 
where  much  triangulation  was  already  completed,  before  the  traversing 
of  the  villages  could  be  commenced. 

The  persistent  removal  of  traverse  marks  in  the  Fayum,  as  well  as 
elsewhere,  suggested  that  some  advantage  was  likely  to  be  gained  by 
using  a  less  conspicuous  mark  than  a  block  of  stone,  and  one  which  was 
less  useful  in  building  construction,  in  providing  counterweights  for  the 
"shadufs"  (bucket  sweeps  for  raising  water)  and  many  other  purposes  ; 
moreover,  as  a  mark  over  which  a  theodolite  was  to  be  centred,  a 
roughly  dressed  stone  20  by  20  centimetres  left  much  to  be  desired, 
and  was  a  source  of  error  which  it  would  be  well  to  eliminate  as  far  as 
possible.  In  the  year  when  traverse  lines  were  first  introduced  and 
only  three  to  four  marks  were  fixed  per  square  kilometre,  the  labour  of 
transporting  and  placing  these  marks  was  slight  and  it  was  carried  out 
by  the  villagers,  who  were  glad  to  have  the  boundaries  of  their  villages 
thereby  defined,  but,  with  the  increase  in  the  annual  amount  of  work, 
and  the  greater  number  of  points  per  square  kilometre  which  were 
utilized,  all  transport  and  fixing  of  traverse  marks  was  paid  for,  so 
that  economy  in  this  direction  also  prompted  a  reduction  in  the  size 
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and  weight  of  the  mark.  Short  lengths  of  angle-iron  were  therefore 
adopted  as  being  easy  of  transport,  as  affording  a  definite  mark 
over  which  the  theodolite  could  be  centred,  and,  as  being  more  easily 
identified  if  stolen  when  stamped  with  a  special  mark,  than  a  rough- 
dressed  stone.  They  were  made  of  half-inch  angle-iron,  0*60  metre 
long  and  were  driven  into  the  ground  until  only  about  five  centi- 
metres was  left  above  the  surface ;  their  cost  is  L.E.  14  per  1,000.  On 
the  whole,  they  have  answered  very  fairly  well,  though,  here  and 
there,  they  have  been  removed  with  considerable  frequency  in  order 
that  they  might  be  forged  into  the  rude  agricultural  implements  used 
in  the  villages.  Besides  those  which  are  intentionally  removed, 
a  certain  number  are  lost,  and  this  reaches  its  maximum  in  the  basin 
lands  where  they  may  be  covered  up  by  the  mud  deposited  by  the 
annual  flood,  or  are  ploughed  up  when  the  ground  is  being  tilled.  In 
areas  where  perennial  irrigation  is  practised,  they  last  well  enough, 
and  will  probably  do  so  better  when  the  inhabitants  have  grown 
accustomed  to  them  and  have  realized  their  utility. 

Their  purpose  was  often  misunderstood,  and  when  one  was  placed 
near  but  not  on  a  landowner's  boundary  he  assumed  that  his  limits 
had  been  wrongly  recorded ;  the  mark  was  therefore  moved  by  him 
and  placed  on  his  boundary  or  was  taken  away  altogether. 

From  1907,  marks  indicating  the  point  where  the  boundary  lines  of 
three  or  more  villages  met  were  set  in  masonry,  as  well  as  every  third 
or  fourth  mark  along  the  boundary  of  a  province,  since  some  time 
may  elapse  between  the  times  at  which  two  contiguous  provinces  are 
surveyed  ;  in  the  meantime,  landowners  near  parts  of  the  boimdary 
which  are  not  defined  by  a  natural  feature,  such  as  a  canal  or  road, 
may  encroach  slightly  on  each  other's  land,  and,  without  fixed 
points  at  short  intervals  it  is  often  impossible  to  say  whether  a  change 
which  is  found  subsequently  is  due  to  such  encroachment  or  to  slight 
errors  in  the  earlier  survey. 

As  soon  as  the  theodolite  traverses  were  properly  controlled  by 
triangulation  of  satisfactory  accuracy  it  became  possible  to  lay  down 
definitely  the  precision  demanded  in  the  form  of  a  scale  of  maximum 
permissible  errors.  The  permissible  discrepancy  between  two  mea- 
surements in  the  field  was  fixed  at  1-0  per  1,000;  while  those  allowed 
in  linear  and  angular  measurements  are  given  in  the  following  tables 
which  are  those  in  use  in  Computation  office. 
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Permissible  Erbok  in  Linear  Measurements. 


Maximum  admissible  t;rror. 

Sum  of  the  sides. 

X  \'f>x"i<r(^  m*iHififi 

^\  V  KZl  UgC    ^  1  V.I  11 1.1  • 

UilM  ^l<JUllv4< 

m. 

ID. 

m. 

m. 

200 

0-32 

0*39 

0-45 

400 

0-49 

0-60 

0-69 

600 

0-65 

0-79 

0-92 

800 

0-80 

0-98 

1-13 

1,000 

0-95 

1-lG 

1-34 

1,500 

1-31 

1-61 

1-86 

2,000 

1-67 

2*05 

2-36 

2,51 10 

2-03 

2-4:8 

2  88 

3,000 

2-39 

2-92 

3-38 

Permissiblk  Error  is  Angular  Measurements. 


No.  of  sides  in  traverse 

2 

4 

6 

8 

10 

15 

20 

25 

30 

35 

40 

Error  in  closure  

2''1 

3'-0 

3'-7 

4'  2 

4'. 7 

5'-8 

6'-7 

7'-5 

8'-2 

8''9 

9'-4 

If  these  were  exceeded  the  work  was  returned  for  correction. 

It  is  not  always  possible  to  state  precisely  the  true  error  in  a  carefully 
run  line  of  traverse  when  it  is  compared  with  the  triangulation  points 
between  which  it  lies,  for  the  accepted  position  of  each  of  these 
points  is  that  which  is  the  most  probably  correct  in  view  of  the 
various  small  discrei)ancies  which  have  to  be  taken  into  considera- 
tion when  the  triangulation  is  computed.  The  second  order 
triangulation  having  been  corrected  so  as  to  be  homogeneous, 
the  third  order  and  fourth  order  are  similarly  adjusted  to  the  other 
and  the  result  is  a  network  of  points  of  which  the  accepted  positions 
differ  by  very  small  amounts  from  their  true  positions.  But  it  is 
possible  that  a  carefully  run  traverse  may  give  the  distance  between 
any  two  neighbouring  points  even  more  accurately,  and  then  the 
traverse  work  is  altered  to  agree  with  the  triangulation,  thus  introduc- 
ing a  small  though  practically  inappreciable  error.  In  this  connection 
an  examination  of  the  traverse  work  by  the  test  of  triangulation  may 
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make  the  former  appear  slightly  less  correct  than  it  really  is.  This 
difl&culty  has  been  found  to  occur  in  the  cadastral  survey  of  Prussia 
and  may  easily  happen  where  the  traverse  surveyors  are  skilful  and 
work  with  great  care. 

Nevertheless  a  useful  test  may  be  made  of  the  accuracy  of  the  tra- 
verse work  as  finally  accepted  by  comparing  the  distance  between  the 
triangulation  points  with  the  most  direct  line  of  traverse  joining  them. 
For  this  purpose  a  number  of  lines  have  been  selected  absolutely  at 
random  and  the  discrepancies  found  for  them  have  been  considered  as 
fairly  representing  the  average  for  the  district.  It  is  highly  probable 
that  the  averages  for  the  provinces  arc  quite  representative.  A 
different  selection  for  traverse  lines  in  the  province  of  Beni  Suef  * 
gave  the  discrepancy  as  0-50  per  thousand  against  0-53  now  found 
when  the  shortest  traverse  lines  from  point  to  point  are  utilized. 
The  general  conclusion  is  that  the  discrepancy  of  the  traverse  work 
approaches  1  in  1,800.  Good  chaining  in  Europe  has  a  discrepancy  of 
about  1  in  2,000  ;  so  that  the  work  which  has  been  done  is  very  nearly 
equal  to  good  European  work  in  spite  of  the  high  rate  of  out-turn 
which  was  demanded. 


The  Error  in  Length  of  Traverse  Lines  as  determined  by  Triangulation. 


Province. 

District. 

Number  of  lines. 

Me.m  error  in  lengtli 
per  ],U00. 

Giza   1 

El  Ayat  

Emhaba   

El  Saff  

El  Giza   

19 
20 
13 

9 

0'G7 
()-t55 
0-53 
0-52 

Total 

61 

Mean 

0.61 

Fayum   | 

Sennurcs   

Etsa   

El  Fayum   

25 
25 
22 

1-24 
0-96 
0-72 

Total 

72 

Mean 

0-99 

•  Survey  Department  Report,  1906. 


The  Error  in  Lenuth  of  Traverse  Lines  as  determined  by  Trianoulation. 

Continued. 


Province. 

Digtrict. 

NunilKT  of  lines. 

Mean  error  in  length 
per  1,000. 

Qaliubia  | 

Cairo  Environs   

Nawa   

Tukh   

Qaliub  

18 
25 
24 
25 

0-60 
0-63 
U*61 
0-60 

Total  92 

Mean  0*61 

f 

Daqahlia  ' 

1 

I. 

Mit  Ghamr  

Simbellawein   

El  Mansura  

Damietta     ...  ,  

Dekernes   

Aga   

25 
25 
25 
20 
23 
22 

0-44 
0-82 
0-57 
0-75 
0-47 
0-53 

Total  140 

Mean  0*59 

f 

1 

Qena   -j 

L 

Nag  Hamadi   

Esna   

Luxor   

Dishna  

Qena   

Qus   

25 
16 
20 
20 
20 
17 

0*59 
0'63 
0-49 
0-80 
0-84 
0*60 

Total  118 

Mean  0*66 

Aswan   j 

El  Derr  

Edfu   

Aswan  

i 

25 
21 
22 

0-39 
0-50 
0-60 

Total  68 

Mean  0*50 

Girga   | 

Tahta   

Girga   

Baliana  

Sohag   

Akhmim   

23 
24 
20 
25 
20 

0-52 
0-43 
0-46 
0-43 
0-51 

Total  112 

Menn  0*47 

The  Ekuor  ik  Length  ok  Traverse  Lines  as  dbtermixeu  by  Trianqulation. 

Continued. 


Province. 

District. 

Number  of  lines. 

Mean  error  in  length 

•  1  ntt    1    Art  A 

per  i.tMju. 

Assiut   • 

Assiut   

Abu  Tig  

Manfalut   

El  Badari   

Abiiub  

Beirut  

Mallawi  

24 
25 
25 
14 
25 
23 
19 

0-35 
0-44 
0-50 
0-51 
0-38 
0-50 
U-67 

Total  155 

Mean  0*50 

f 

Miniii   i 

I 

Maghagha   

Samalut   

El  Feshn   

El  Minia   

Beni  Mazar  

Abu  Qirqas  

21 
22 
17 
23 
20 
20 

0-48 
0-59 
0-64 
0*42 
0-79 
0-59 

Total  123 

Mean  0*58 

Beni  Suef  ... 

Beni  Suef   

El  AVasta   

Biba   

21 
21 
23 

0-68 
0-42 
0-49 

Total  65 

Mean  0*53 

In  comparing  this  with  the  results  obtained  in  European  countries,  it 
is  only  fair  to  state  that  those  who  carried  out  the  traversing  had  not 
been  through  a  course  of  engineering  and  scientific  instruction  such  as  is 
given  in  polytechnic  schools;  but  possessing  at  first  but  an  elementary 
education,  not  always  including  a  primary  certificate,  they  were  trained 
in  the  Department  for  this  work  and  carried  it  out  most  creditably 
in  the  face  of  no  inconsiderable  difficulties.  The  short  time  which 
was  available  rendered  it  necessary  to  work  at  high  pressure  and  the 
regulation  method  of  procedure  had  often  to  be  departed  from.  Main 
lines  of  traverse  were  to  be  run  as  directly  as  possible  from  one  triangu- 
lation  point  to  another,  then  subsidiary  traversfe  fines  were  to  be  run 
froai  these  along  the  village  boundary  and  secondarily  across  the 
village,  along  canals,  and  whenever  they  were  necessary  in  order  to 
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divide  up  the  area  conveniently  for  chain  survey.  But  at  this  time 
the  village  boundaries  were  shown  on  no  plan,  ao  that  the  traverse 
surveyor  had  to  track  the  limits  of  each  village  with  the  aid  of  the 
village  authorities  ;  under  these  circumstances  he  usually  had  to  deal 
with  the  authorities  of  three  or  four  different  villages  in  order  to  run 
his  traverse  line  from  one  triangulation  point  to  another.  Tliis  in- 
volved much  loss  of  time,  and  in  practice  it  was  usually  necessary  to 
traverse  the  boundary  of  each  village  and  join  such  traverses  as  were 
nearest  to  the  different  triangulation  points  by  short  lengths  of  traverse. 
This  did  not  greatly  harm  tlic  traverse  but  often  delayed  the  Com- 
putation Ofl&ce,  since  traverses  of  villages  could  not  be  computed  till 
the  main  traverse  lines  to  the  triangulation  points  had  been  computed. 
Other  difficulties  were  due  to  the  physical  conditions  under  which  the 
work  was  done ;  in  Lower  Egypt  it  was  impossible  either  to  measure  or 
to  sight  along  the  lines  when  the  "durra"  *  grew  up  and  work  was  then 
confined  to  the  neighbourhood  of  the  village  itself,  the  canal  banks,  etc.; 
in  Upper  Egypt  some  trouble  was  experienced  by  the  traverse  marks 
being  sometimes  covered  up  by  the  mud  which  was  deposited  in  the 
irrigation  basins  from  the  flood  water,  while  the  areas  sown  with  sugar- 
cane could  not  be  traversed  until  the  cane  had  been  cut ;  these  obstacles 
together  with  the  impossibility  of  working  in  the  basins  during  the 
Nile  flood,  viz.,  from  August  to  November,  greatly  curtailed  the 
working  season,  and  though  as  much  work  as  possible  was  done  on 
banks  and  dykes  it  was  very  difficult  to  keep  a  sufficient  area  marked 
and  traversed  early  enough  for  it  to  be  computed  and  plotted  by 
the  time  that  the  surveyors  required  the  map-sheets  for  plotting  the 
holdings  in  the  field  as  they  were  measured  up. 

The  theodolite  traverse  work  had  been  originally  organized  in  1896 
as  a  preliminary  stage  of  the  chain-survey  and  was  directed  from 
the  same  office.  This  arrangement  continued  until  this  year  when  a 
change  became  desirable.  Second  order  and  third  order  triangulation 
are  now  being  regularly  observed,  and  the  traversing  was  closely 
connected  with  the  latter  of  these ;  at  the  same  time  the  detailed 
work  of  the  chain-sui'vey  section  has  been  increased  and  more 
supervision  is  therefore  entailed.  The  traverse  branch  has,  therefore, 
been  transferred  to  the  third  and  fourth  order  triangulation  in  1908. 


*  Indian  corn  or  millet. 


Whereas  at  first  engineers  alone  were  employed  on  traversing,  from 
1901  onwards  young  surveyors  were  trained  specially  for  the  work, 
and  were  placed  under  engineers  for  supervision. 

The  cost  of  the  work  in  different  years  and  other  statistical  infor- 
mation is  given  in  the  following  table  for  such  provinces  as  have  not 
already  been  dealt  with  on  pages  213  and  214. 


Pbovincb. 

DiSTEICT. 

Area 
In  feddans. 

Cbainage 
In  kilometres. 

Kilometres  chained 
per  eq.  kilometre. 

Total  number 
of  points. 

Average  points 
per  day. 

Average  points 
per  sq.  klloojetre. 

Cost  per  point. 

Cost 

per  9q.  kilometre. 

UILLS. 

L.E,  u. 

Aswan  

Derr   

Edfu   

lli.024 
43,217 

Rt\i  •  7 
OUi  / 

910-7 
888-0 

13 -.53 
4-89 

2,437 
.3,826 
3,428 

8-5 
6-6 
8-8 

36-5 
56-8 
13-9 

106 
140 

106 

3-861 
7-956 
2-009 

Total  for  Mudiria  ... 

75,124 

2,403-4 

9,691 

Mean  „  „ 

7-61 

7-7 

30-7 

119 

3-669 

Qena  ■ 

Dishna  

Esna   

Luxor   

Nag  Hamadi   

Qena   

Qus   

61,029 
50,682 
68, ,  74 
95,!a< 

62,440 

800-9 
756-4 
963-2 
l,.370-8 
794-6 
996-8 

3 -.35 
3 -.55 
3  •  33 
3-40 
.3-80 
3-80 

2,915 
2,714 
2,749 
4,8/1 
2,618 
3,439 

7-3 
6-9 
6-5 

6-  8 

7-  5 
9-2 

11-  4 

12-  7 
9-5 

12-1 

12-  5 

13-  1 

138 
103 
107 
107 
105 
88 

1-570 
1-322 
1-014 
1  217 
1-323 
1-151 

Total  for  Mudiria  ... 

388,556 

5,742-7 

19,306 

Mean  „  „ 

3-51 

7-3 

11-8 

106 

1-253 

OlROA 

Akhmim   

Ballana  

Girga   

Sohag   

Tahta   

37,143 
74,126 
89,289 
67,281 
94,530 

916-8 
1,213-2 
1,527-6 
1,287-3 
1,544-1 

5-87 

3-  90 

4-  07 
4-55 
3-89 

3..303 
3.066 
5,845 
4,987 
6,918 

8-3 
4-1 
6-5 

6-  2 

7-  8 

21-2 
9-8 
15-6 
1/-6 
17-4 

103 
163 
103 
!5 

95 

2-186 
1-606 
1-600 
1-672 
1-647 

Total  for  Mudiria  ... 

362,369 

6,489-0 

24,119 

Mean  „ 

4-26 

6-4 

15-8 

106 

1-687 

Absiut 

Abu  Tig   

Assiut  

Badan   

Deirut  

Ehnub   

Mallawi   

Maufalut   

61,4.';2 
67,584 
41,5 1 8 
91,082 
62,52/ 
90,476 
85,8-^6 

1,200-1 
1,126-3 

664-7 
1,3.52-4 

85'.l-2 
1,652-6 
1.2.S8-3 

4-64 
4-65 
3-81) 
3 -.53 

3-  2S 

4-  34 
3-43 

4,305 
4,020 
2,S'5  4 
6,178 
3,574 
8,491 
5,453 

6-5 

6-  8 

7-  8 
7-2 

6-  7 

7-  6 
7-0 

16-6 
16-6 
16-3 
16-1 
13-6 
23-3 
15-1 

110 

98 
100 
119 

85 
105 
117 

1-830 
1-636 
1-644 
1-917 

1-  159 

2-  341 
1-776 

Total  for  Mudiria  ... 

490,555 

8,093-6 

34,875 

 k. 

Mean  „  „ 

3-92 

7-1 

16-9 

107 

1-321 

15 
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TliOVINCB. 

District. 

Area 
In  feddans. 

Chainage 
in  kilometres. 

Kilometres  chained 
per  sq.  kilometre. 

Total  numl)er 
of  points. 

Average  points 
per  day. 

Average  points 
per  sq.  kilometre. 

Cost  per  point. 

Cost 

per  sq.  kilometre. 

MIl.I.S. 

L.E.  M. 

MiNIA  ...< 

Abu  Qurqns  

Belli  Mazar  

Feslin   

Minia   

Maghaglia   

Samalut   

53,879 
91,623 
61,411 
67,852 
73,617 
85,560 

938-0 
1,479-0 

928-2 
1,006-8 

891-3 
1,424-1 

4-14 
3-72 
3-59 
3-53 

2-  88 

3-  96 

3,833 
6.293 
3,822 
3,958 
3,540 
5,663 

0-6 

5-y 
8-0 

7-  5 
10-3 

8-  6 

16-9 
15-8 

14-  8 
13-8 
11-4 

15-  7 

122 
122 

92 
102 

90 
102 

2-009 
1-924 
l-,359 
1-411 
1-032 
1"606 

Total  for  Mudiria  ... 

436,942 

6,667-4 

27,109 

Mean  „   

3-03 

7-4 

14-7 

106 

1-570 

Beni  Suef  .  • 

Beni  Suef   

Biba   

Waata  

iuo,iyo 

84,923 
70,852 

1,268*2 
1,352-9 
980-0 

3 '01 
3-79 
3-29 

5,064 
5,000 
3,800 

5-9 
5-8 
7-4 

12-0 
14-0 
12-7 

131 
119 
112 

1-582 
1-673 
1-432 

Total  for  Mudiria  ... 

255,965 

3,601-1 

13,870 

- 

Mean  „  „ 

3-35 

6-2 

12-9 

122 

1-571 

Qaliubia.... 

Dawahi  Masr   

Nawa   

Qaliub  

Tiikh   

17,330 
73,048 
56,567 
73,673 

241-6 
924-9 
753-6 
771-9 

3-4 

3-0 
3-2 
2-5 

934 
2,991 
1,670 
3,50.*) 

4-  0 

6-  0 

5-  7 

7-  1 

12-8 
9-7 
7-0 

11-3 

076 
143 
189 

743 

1-  ()03 

2-  112 

Total  for  Mudiria  ... 

220,618 

2,695-0 

9,103 

Mean  „  „ 

2-9 

6-0 

9-8 

138 

1-322 

Shakqia  .... 

Belbeia  

Faqus   

Holiia   

Kafr  Saqr   

Minia  Qaiuh  

Zagazig  

104,539 
24.''),]  91 

72,120 
141,151 

78,720 
211,316 

1,434-3 
2.212-2 
1,101-1 
1,687-1 
1,332-2 
2,117-2 

3-3 

2-  2 

3-  6 
2-8 

4-  0 
2-1 

5,398 
8,037 
4,626 
7,278 
7,(»03 
7,790 

5-  9 

6-  0 
5-4 
5-0 
5-1 
0-5 

12-3 

7-  8 
15-3 
12-3 
21-2 

8-  8 

125 
112 
152 
170 
153 
13.-) 

l-.-)40 

1-  112 

2-  321 

2-  0S7 

3-  2.50 
1-191 

Total  for  Mudiria  ... 

853,070 

9,917-1 

40,132 

Mean  „  „ 

2-8 

5-6 

11-2 

147 

1-643 

Daqahlia  .  ■ 

Aga   

Dekernes   

Kar.isknr   

Mansura   

Mit  Ghaiur  

Siiubellinveiii   

71,725 
205,210 
57,771 

80,859 
83,341 
128,422 

560-2 
1,094-4 
1,015-3 
1,131-2 

938-6 
1,631-2 

1-8 

1-  3 
4-2 
3-3 

2-  7 

3-  0 

1,616 
3,788 
3,783 
3,682 
3,484 
5,525 

5-2 

4-  9 
7-1 

5-  0 

6-  5 
5-2 

5-4 
4-3 
15-6 
10-8 
10-0 
10-2 

209 
278 
104 
124 
102 
117 

1-122 
1-222 
1-022 

l-3i;i 

1-610 
1-200 

Total  for  Mudiria  ... 

627,331 

6,370-9 

21,878 

Mean  „  „ 

2-4 

5-6 

8-3 

158 

1-312 
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CHAPTER  XV. 

002)i^I>T7T-A.TI01sr. 
By  Me.  J.  I.  Craio. 


Introduction.  . 

In  1898  it  was  realized  that  one  of  the  essentials  to  improvement 
of  the  quality  of  the  work  was  that  the  computation  of  the  field 
observations  should  be  taken  out  of  the  hands  of  the  observers  and 
entrusted  to  a  central  staflE ;  in  the  following  year  this  change  was 
effected,  and  the  nucleus  of  the  present  Computation  Office  formed. 
Its  duties  were  at  first  Hmited  to  traverse  work,  for  what  triangulation 
existed  had  already  been  computed  by  the  observers,  but  in  1900 
computation  of  triangulation  was  added  and  in  1901  computation  of 
geographical  positions  and  projected  co-ordinates.    Area  computa- 
tions were  introduced  in  1902,  but  little  more  was  possible  after  that, 
beyond  gradually  improving  the  quality  of  the  computation,  particu- 
larly the  adjustment  to  consistency,  until  1905,  when  pressure  was 
slightly  relieved  in  the  triangulation  section  and  it  became  feasible  to 
improve  the  quahty  further,  and  1907,  when  a  similar  improvement 
was  introduced  into  traverse  computation.     Throughout  the  work, 
until  quite  recently,  rate  of  output  has  been  the  determining  factor. 
A  definite  area  had  to  be  surveyed  each  year  and  the  best  that 
could  be  done  was  to  watch  computations  as  carefully  as  possible, 
improving  wherever  possible,  but  never  delaying.    As  an  instance 
of  the  conditions  under  which  some  of  the  work  had  to  be  carried  out, 
it  may  be  mentioned  that  at  one  time  in  1903,  the  observers  of  both 
orders  of  triangulation,  the  traverse  engineers,  and  the  detailed  sur- 
veyors were  working  within  sight  of  one  another  near  Edfu  in  Aswan 
province.    The  average  rate  of  work  should  have  sufficed  for  the 
survey  of  about  600,000  feddans  annually,  but  by  1898  heavy  arrears 
had  been  accumulated,  and  the  pressure  in  the  following  years  was 
correspondingly  increased,  so  much  so  that  in  1905,  for  example,  it 
was  necessary  to  compute  and  plot  points  for  the  survey  of  930,000 
feddans.    And  not  only  were  the  conditions  themselves  sufficiently 
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exacting,  but  they  were  rendered  more  so  by  extraneous  circumstances, 
such  as  the  postponement  of  the  triangulation  of  Girga  province  to  take 
up  that  of  Aswan,  To  enable  work  to  be  carried  out  under  the  most 
favourable  circumstances,  a  notice  of  at  least  eighteen  months  would 
have  been  desirable  in  order  that  triangulation  and  traverse  field- 
work  and  computation  should  proceed  steadily,  and  maps  be  ready 
for  the  detailed  survey  in  time,  but  this  notice  could  not  be  given, 
.  for  the  ruhng  factor  here  was  the  time  at  which  the  Aswan  Dam 
would  be  completed,  and  its  early  completion  was  the  result  of  the 
unexpected  occurrence  of  a  series  of  low  Nile  floods. 

The  staff  available  for  the  calculations  was  almost  entirely  without 
training.  A  few  of  the  older  men  had  had  a  sUght  experience  of  the 
traverse  computations,  but  so  devoid  of  mathematical  training  of  any 
sort  beyond  the  simplest  arithmetic  were  they,  that  no  one  possessed  a 
knowledge  of  algebraic  subtraction.  On  the  other  hand,  they  were 
readily  taught  to  do  one  thing  at  a  time  and  do  it  satisfactorily  under 
supervision.  It  was  clearly  advisable,  therefore,  to  carry  out  the  principle 
of  subdivision  of  labour  to  the  fullest  extent.  Each  computer  received 
a  certain  class  of  work,  and  was  kept  doing  that  and  that  only,  until 
possibly  expansion  allowed  of  his  promotion  to  another  class.  Besides 
subdividing  the  labour,  each  man's  task  had  to  be  made  as  simple  and 
straightforward  as  possible,  which  was  achieved  mainly  by  reducing 
everything  to  a  stereotyped  system.  Thus,  for  example,  even  in 
triangulation  where  the  most  skilled  of  the  computers  were  employed, 
the  method  of  least  squares  was  adopted  in  adjusting  the  figures,  not 
so  much  because  the  precision  of  the  work  necessitated  its  use,  as  that 
it  furnished  a  mechanical  method  of  obtaining  a  unique  solution  of  the 
problem. 

At  the  same  time  the  necessity  of  control  was  never  lost  sight  of. 
Wherever  possible,  computations  were  arranged  so  as  to  be  self-check- 
ing, and  when  this  could  not  be  done,  control  by  an  independent 
method,  or,  failing  that,  by  an  independent  computer,  was  introduced. 
The  chief  lesson  of  this  part  of  the  work  is,  perhaps,  the  absolute 
necessity  for  laying  down  from  the  first  limits  which  must  not  be 
exceeded  when  adjusting  errors  of  observation.  These  may  be 
widened  if  necessary,  but  should  never  be  omitted. 

As  has  already  been  pointed  out  in  other  chapters,  the  conditions 
that  have  demanded  rapid  work  in  Egypt  are  not  unUkely  to  recur 
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elsewhere,  as  other  lands  are  developed,  and  however  much  different 
geograpliical  conditions  may  alter  the  details  of  the  work,  it  is  probable 
that  the  broad  principles  will  remain  untouched.    These  demand : — 

(1)  the  systematization  of  the  work  so  that  observations  are  received 

in  one  part,  mechanically  progress  through  the  office,  dropping 
out  for  amendment  where  the  sifting  process  shows  that  they  are 
inexact,  and  ultimately  issuing  in  the  form  wanted  by  the  workers 
on  the  detailed  survey  ; 

(2)  a  careful  system  of  control ; 

(3)  a  fixed  standard  of  precision  not  only  in  observation  but  also  in 

computation. 

Aids  to  Computation.— -The  books  of  mathematical  tables  employed 
have  been  the  following  : — 

"  New  Mathematical  Tables,"  by  Peter  Barlow,  London,  1814. 
(Reprint  in  part,  London,  1907). — This  contains  tables  of  squares, 
square  roots,  etc.,  of  all  numbers  from  1  to  10,000,  and  has  been  found 
extremely  useful  for  all  work  connected  with  calculation  of  mean  and 
probable  errors,  and  in  certain  parts  of  the  base-line  work. 

"  Tables  de  Calcul,"  par  A.  L.  Crelle,  Berlin,  1904.— This  table  of 
products  of  all  numbers  from  2  X  1  to  999  X  999  has  been  used 
chiefly  in  adjustment  of  the  figures  by  least  squares. 

"Tables  de  Logarithmes  a  7  decimales,"  par  J.  Dupuis,  Paris,  1891. — 
This  book  of  logarithms  is  in  regular  use  for  all  triangulation  and 
astronomical  computations,  and  in  computing  co-ordinates  of  second 
order  points. 

"Tables  de  Logarithmes  a  5  decimales,"  par  J.  Dupuis,  Paris,  1904. — 
This  has  been  used  for  much  of  the  interpolation  work,  and  for 
the  computation  of  the  successive  geographical  positions  of  trigono- 
metrical points. 

"  Four-Figure  Mathematical  Tables,"  by  J.  T.  Bottomley,  London, 
1904. — The  tables  of  logarithms  are  hardly  accurate  enough  for  traverse 
computations.    At  one  time  they  were  used  for  checking  these  by 
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re-calculation  of  tlie  lengths  and  bearings  of  the  lines ;  but  it  was  found 
that  the  methods  described  on  p.  287  gave  sufficient  check,  and  this 
method  was  therefore  abandoned.  The  lack  of  time  prevented  the  use 
of  five-figure  tables. 

"  Computation  Rules  and  Logarithms,"  by  Silas  W.  Holman,  New 
York,  1900. — The  five-figure  logarithms  in  this  book  have  been  recently- 
taken  info  use.  With  the  help  of  the  tags  supphed  for  fixing  to  each 
page,  the  tables  can  be  entered  with  almost  the  same  rapidity  and 
much  greater  accuracy  than  four-figure  tables. 

"  Thesaurus  logarithmorum  completus,"  von  Georg  Vega,  Leipzig, 
1894. — Occasionally  used,  when  eight-figure  logarithms  seemed  desir- 
able. 

"Formeln  und  Hiilfstafeln  fiir^eographische  Ortsbestimmungen," 
von  Prof.  Dr.  Th.  Albrecht,  Leipzig,  1894 

The  tables  of  ^V=fi—gi  mr'o,  and  some  others,  given  here  have  been 
used  in  computing  co-ordinates  of  trigonometrical  points.  The  tables 
are  based  on  Bessel's  dimensions  for  the  spheroid. 

"  Elements  of  Precise  Surveying  and  Geodesy,"  by  Mansfield  Merri- 
man,  New  York,  1899.— Tables  are  given  in  the  appendix  to  facilitate 
the  computation  of  the  geographical  positions  of  successive  trigono- 
metrical points.  They  are  based  on  Clarke's  (1866)  elements  of  the 
spheroid.  His  hnear  dimensions  are  reduced  to  metres  by  the  relation  : 
1  metre  =  39-3700  EngUsh  inches. 

This  defines  the  American  metre  in  terms  of  the  inch,  and  through 
the  comparison  of  the  inch  with  the  international  metre,*  in  terms 
of  the  latter  standard.    From  this  comparison  we  have  : — 

1  congress  metro  =  0"  99999713  inteniational  metre. 
The  logarithm  of  the  factor  is  9-9999988-10.    Thus,  all  tables  given 
in  this  book  which  involve  the  semi-diameter  of  the  earth  linearly 
may  be  expressed  in  terms  of  the  international  metre  by  subtracting 
one  part  in  400,000,  or  by  subtracting  0-0000012  from  the  logarithms 

"  Les  nouveaux  appareils  pour  la  mesure  rapide  des  bases  geodesi- 
ques,"  par  Benoit  et  Guillaume,  Paris,  1906. — The  tables  published 


♦  "La  convention  du  mitre."  Paris,  1902,  p.  101. 
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in  this  work  are  of  the  utmost  use  in  computing  base-measurementa 
when  the  apparatus  elaborated  by  the  authors  is  employed. 

"  Opus  Palatinum  sinus-  und  cosinus-Tafeln  von  10"  zu  10"," 
von  Dr.  W.  Jordan,  Hannover  und  Leipzig,  1897. — The  value  of  the 
sine  and  cosine  of  the  bearing  of  a  traverse  line  can  be  taken  from 
these  tables  without  interpolation.  They  have  been  used  throughout 
for  the  computation  of  the  differences  of  latitude  and  the  departures 
in  the  traverse  computation. 

"  Traverse  Tables,"  by  Major-General  J.  T.  Boileau,  F.R.S.,  London, 
1906. — This  work  has  been  used  throughout  in  checking  the  computa- 
tion of  the  differences  of  latitude  and  the  departures  in  the  calculations 
of  the  traverse. 

Mechanical  Aids. — All  the  multipUcations  required  in  the  traverse 
computations  and  in  calculating  the  area  inside  traverse  polygons  have 
been  carried  out  with  the  Brunsviga  computing  machine.  This  has  been 
most  useful,  but  would  be  even  more  so  if  the  wearing  parts  could  be 
made  of  a  harder  material.  Some  eleven  of  these  machines  have  been 
in  use,  but  owing  to  wear  of  the  parts,  two  or  three  of  them  are 
generally  under  repair  at  a  time,  owing  to  the  heavy  wear  involved. 

Additions  are  generally  performed  with  the  Comptometer,  which 
has  been  much  improved  recently  in  the  direction  of  reducing  the 
thrust  of  the  keys  and  lessening  the  force  required  to  work  it. 

Fuller's  spiral  slide-rule  and  slide-rules  of  25  and  50  centimetres 
length,  of  the  ordinary  pattern,  have  been  occasionally  employed  for 
small  multipUcations.  Warping  of  the  wood  from  the  excessive  dryness 
of  the  air  has  led  to  a  httle  trouble,  but  the  extra  friction  of  the  slide 
caused  in  this  way  can  generally  be  overcome  by  the  application  of 
graphite. 

An  abacus  with  12  balls  in  each  of  the  last  two  columns  was  designed 
as  an  aid  in  the  addition  of  feddans  and  their  subdivisions,  qirats  and 
sahms,  but  the  computers  in  the  local  offices  never  became  expert 
enough  at  its  use  to  warrant  its  general  adoption.  It  appears,  however, 
to  be  well  worth  a  serious  trial  where  inexpert  computers  have  to  be 
employed. 
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Bases  . 

The  base-lines  of  the  Egyptian  second  order  triangulation  may  be 
divided  into  those  measured  with  the  hundred-metre  steel  band,  and 
those  measured  with  the  Jadcrin  bi-metallic  wires. 

The  method  of  measurement  in  the  two  cases  was  essentially  the 
same.  A  series  of  marks,  at  distances  apart  nearly  equal  to  the  length 
of  the  band  or  wires  to  be  used,  was  carefully  aligned  between  the 
terminal  points  of  the  base-line,  or  between  subsidiary  marks  on  the 
line  of  the  base.  The  excess  or  defect  of  the  distance  between  each 
consecutive  pair  of  marks  over  or  under  the  length  of  the  band  or  wire 
was  measured  either  by  means  of  separate  finely  divided  scales  in  the 
case  of  the  steel  band,  or  by  scales  attached  to  the  apparatus,  in  the 
case  of  the  wires.  In  the  latter  case,  the  scale  divisions  were  engraved 
for  a  distance  of  ten  centimetres  on  both  sides  of  the  fiducial  points 
marking  the  extremities  of  the  standardized  length  of  the  wire,  and 
the  fiducial  point  in  the  middle  of  each  scale  was  numbered  10  and 
the  graduations  continued  inwards  to  zero  and  outwards  to  20.  This 
plan  was  undoubtedly  superior  to  that  of  using  separate  scales,  for  it 
abolished  the  possibihty  of  recording  wrongly  the  sign  for  the  excess  or 
defect  at  each  end. 

Since  it  was  seldom  possible  to  lay  out  a  base  which  would  be  an 
exact  multiple  of  the  band  or  wire,  it  was  usually  necessary  to  measure 
the  interval  between  the  last  of  the  equidistant  marks  and  the  terminal 
point  of  the  base,  which  was  done  by  a  graduated  steel  tape. 

Then  the  length  of  the  base  was  found  as  the  sum  of  the  band-  (or 
wire-)  lengths  plus  the  sum  of  the  excesses  of  each  subsection  as 
measured  by  the  scales  plus  the  distance  of  the  terminal  from  the  last 
subsectional  mark.  This  is  the  rough  theory  of  base  measurement, 
but  in  practice,  various  precautions,  entailing  various  corrections, 
have  to  be  adopted.  Thus,  the  length  of  the  band  is  not  constant, 
but  depends  on  the  tension  and  the  temperature ;  the  subsectional 
points  may  not  be  on  the  same  level  surface,  whereas  the  whole  base- 
line is  supposed  to  be  so ;  and  finally,  even  where  corrections  have 
been  appUed  to  give  the  resulting  length  of  the  base  as  if  it  had  been 
measured  on  a  level  surface,  this  may  not  be  the  particular  level- 
surface  called  sea-level,  on  which  the  triangulation  operations  are 
supposed  to  be  conducted. 
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In  the  Seila  base  the  corrections  were  somewhat  complicated  by 
the  fact  that  the  band  rested  on  the  ground  and  followed  its  bendings. 
No  allowance  could  be  made  for  the  consequent  shortening  of  the 
distance  between  the  fiducial  points,  and  it  should  be  borne  in  mind 
that  this  base  had  probably  a  length  assigned  to  it  in  excess  of  the 
true  value. 

The  principal  correction  is  that  for  temperature,  and  it  was  the  most 
difl&cult  to  find  exactly,  when  the  band  was  used.  The  temperature 
used  in  the  computations  was  the  mean  of  the  readings  of  two  ther- 
mometers placed  on  the  ground  beside  the  tape  when  the  latter  rested 
on  the  ground,  or  swung  in  the  air  when,  as  at  most  of  the  bases,  the 
tape  was  swung  on  supports  so  as  to  be  clear  of  the  ground  everywhere. 

In  every  case,  the  measurements  with  the  tape  were  made  in  the 
morning  about  sunrise,  and  the  evening  about  sunset;  and  there  is  a 
presumption  that  if  the  temperature  used  was  in  the  one  case  too  low, 
it  would  be  too  high  in  the  other  case,  which  would  lead  to  a  mean 
result  not  far  from  the  truth. 

If  Lo  be  the  length  of  the  tape  at  the  temperature  of  standardization, 
to ,  and  if  a  is  the  coeflficient  of  thermal  expansion  of  the  material, 
then  the  length  of  the  tape  at  temperature  t  is  L,  where 
L=Lo  [H-a(<-<„)] ,  and  SL=£L„+aIj„S  (<-<„)• 

If  t  is  the  mean  temperature  during  the  measurement,  and  n  is  the 
number  of  subsections,  then 

S  (t-t„)  =  n  (t-to)  and  2L=n  [Lo+  a  Lo  (7-0]- 

The  coefficient  of  thermal  expansion,  for  the  steel  tape  was  never 
determined  :  neither  the  time  nor  the  apparatus  was  available  ;  and 
a  value  had  to  be  assumed.  That  taken  ultimately  was  7.  —  1*17  x  10  ' 
as  a  mean  between  values  given  by  various  authors,  which  ranged 
from  0-97  X  10  =  to  1-25  X  10  \ 

Reduction  to  the  Mean  Levd  Surface  of  the  Base. — For  such  differences 
of  level  as  usually  exist  between  subsections  of  base-lines,  it  may  be 
assumed  that  the  level-surfaces  are  all  parallel.  Hence  the  projection 
of  the  length  of  a  subsection  on  any  one  of  them  may  be  considered 
the  same  as  that  on  the  mean  level-surface  of  the  base. 


The  correction  for  difference  of  level  in  the  subsections  is  — 
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It  is  to  he  noted  that  h  and  L  must  here  be  expressed  in  the  same 
units,  even  if  they  have  been  measured  differently.  Should  the  last 
subsectional  mark  and  the  terminal  point  of  the  base  be  at  different 
levels,  a  separate  correction  must  be  applied,  since  we  are  not  at  liberty 
to  assume  that  L  is  here  the  same  constant. 

In  computing  the  base-lines  h  was  always  expressed  in  centimetres 
and  the  values  of  h-  were  taken  from  Barlow's  tables.* 

With  the  tape  2  L  is  20,000  centimetres,  so  that  the  correction 
readily  follows. 

Reduction  to  Sea- Level. Since  triangulation  is  supposed  to  be  con- 
ducted on  the  sea-level  surface,  the  bases  must  be  projected  by  normals 
through  their  extremities  on  to  this  surface. 

The  reduction  to  sea-level  is  —  BH/R  where  B  is  the  length  of  the 
base,  H  its  altitude  and  R  the  mean  radius  of  the  earth. 

In  practice,  it  is  customary  to  project  all  triangulation  points  by 
normals  on  to  the  sea-level  surface,  and  for  geodetic  work,  this  is 
unexceptional ;  but  in  the  case  of  triangulation  executed  for  the  purpose 
of  a  cadastral  survey,  it  would  appear  to  be  more  logical  to  project  the 
points  on  to  that  level-surface  which  may  be  regarded  as  a  mean  for 
the  area  to  be  surveyed,  or  else  to  introduce  a  small  correction  for  the 
general  elevation  of  the  region  above  sea-level  when  areas  come  to  be 
computed.  The  magnitude  of  the  correction  will  be  2  HA/R  where 
H  and  R  have  the  significations  already  assigned  to  them,  and  A  is  the 
area  measured.  An  upper  hmit  of  125  metres  may  be  placed  to  the 
level  of  cultivated  lands  in  Egypt,  and  for  this  extreme  case  the  correc- 
tion would  amount  to  about  one  part  in  50,000  of  the  length,  while 
for  the  greater  part  of  the  country  it  will  not  exceed  one  part  in 
100,000,  so  that  it  may  be  entirely  neglected.  For  areas  measured 
on  high  table-lands,  however,  the  correction  might  become  significant. 
In  Egypt,  accordingly,  this  correction  has  been  generally  neglected. 

Correction  for  Tension. — When  the  tape  is  laid  on  the  ground,  the  only 
effect  of  tension  is  to  increase  the  length  by  stretching  ;  the  correction 
to  the  length  of  the  tape  on  this  account  may  be  called  the  stretch- 


*  "New  Mathematical  Tables,"  by  Peteb  Bablow,  London,  1814. 
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correction  and  is  proportional  to  the  length.  When  the  tape  is  slung 
freely  on  supports  a  correction  must  be  applied  for  the  efiect  of  sag. 
This  may  be  called  the  sag-correction  and  is  proportional  to  the  length, 
and  the  square  of  the  weight  directly,  and  to  the  squares  of  the 
number  of  arcs  in  which  the  tape  hangs  and  of  the  tension  inversely. 
The  effect  of  the  first  is  to  make  the  tape  appear  too  long  and  distances 
measured  with  it  too  short,  and  of  the  second,  the  reverse.  Con- 
sequently the  first  correction  is  additive  and  the  second  subtractive. 
The  combined  correction  may  be  written  in  the  form  aT  —  b/T-  where 
T  is  the  tension  in  kilogrammes  weight  and  a  and  b  are  constants  that 
must  be  determined  for  each  tape,  or  wire.  They  were  determined  by 
calculation  with  mean  values  of  the  densities  and  moduli  of  extension 
for  all  bases  measured  before  April  1904 ;  the  corrections  for  tension 
were  determined  experimentally  for  the  wires  used  at  Koda;  and  after 
that  the  tape  and  wires  were  used  at  the  tensions  of  standardization, 
so  that  no  correction  was  necessary  on  this  account. 

Bases  Measured  with  100-metre  Sted  Tape :  Sella  Base. — The  100  metre 
tape  was  used  for  the  measurement  of  this  base,  and  was  specially 
standardized  before  the  work. 

This  first  value  of  the  tape  length  was  only  used  for  the  triangu- 
lation  of  the  Fayum.  The  standardized  length  of  the  tape  laid  flat 
on  the  ground  was  found  to  be  100-0547  metres  at  16°-7  C.  and  under 
no  tension.  By  experiment  at  Giza,  it  was  found  that  corrections  as 
follows  had  to  be  applied  to  take  account  of  the  actual  manner  of  using 
the  tape  on  Sella  base  (see  p.  179) :  — 


Tension. 

Temperature. 

Special  correction. 

Value  of  tape  length 
to  be  used  in  computation. 

12  kg. 

16° -7  0. 

-1-  1-2J:  mm. 

100*0559  metres. 

15  kg. 

16° -7  0. 

+  4-56  „ 

100-0593 

In  1903,  after  the  arrival  of  the  Jaderin  wires,  with  a  view  to  ex- 
pressing the  triangulation  in  terms  of  one  unit,  the  100-metre  tape 
was  compared  against  wire  2  on  the  100-metre  asphalt  base  at  Giza. 
Particulars  of  this  measurement  have  been  given  on  page  154. 
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The  distances  between  the  sectional  marks  of  the  base  were  com- 
pared with  the  length  of  the  tape  by  means  of  two  fine  ivory  scales, 
one  divided  in  millimetres,  the  other  in  yj,-^  of  a  metre.  The  readings 
on  the  latter  had  to  be  reduced  by  one-third  to  get  millimetres.  The 
following  tables  exhibit  the  various  procedures  employed: — 


Collection  of  the  Readings. 


R  BAH. 

F  B  0  N  T 

Fkont 

as 

observed. 

reduced  to  cm. 

Section. 

Heading. 

Reading. 

Reading. 

Tension. 

Temp. 

Temp. 

-t- 

+ 

-1- 

"C. 

cm. 

cm. 

•c. 

cm. 

cm. 

cm. 

fin. 

kilog. 

1-2 

32-0 

0-10 

31'6 

3-55 

2-37 

12 

28-5 

1-67 

28-7 

1-75 

1-17 

12 

35-7 

0-12 

.35-2 

2-10 

1-40 

1.0 

0-44 

2D-7 

3-60 

2-40 

15 

2-3 

31-8 

0-02 

31-6 

2-53 

1-69 

12 

28 -.5 

1-04 

2S-7 

0-1)8 

0-65 

12 

35-6 

1-23 

3,0-2 

3-80 

2-53 

15 

1-27 

29-7 

2-30 

1-53 

15 

Computation  of  the  Corrected  Sums  of  Readings. 


Mean 

Temperature 

Sum  of  readings 

Section. 

tem,ierature. 

Sum  of  readings. 

correction. 

corrected  for  temperature. 

"0. 

cm. 

cm. 

cm. 

-t- 

-1- 

1-2 

31-8 

2-47 

-1-  1-767 

4-24 

28-6 

2-84 

1  392 

4-23 

35-4 

1-28 

2-188 

3-47 

29-7 

2-84 

1-521 

4-36 

2-3 

31-7 

1-67 

1-755 

3-43 

28-6 

0-39 

1-392 

1-78 

35-4 

1-30 

2-188 

0-89 

29-7 

0-26 

1-521 

1-26 
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The  readings,  temperatures  and  tensions  were  first  collected  on  one 
form,  and  the  readings  on  the  front  scale  (1 :  1,509-metre)  reduced  to 
centimetres.  The  mean  temperatures  and  the  sums  of  the  front  and 
rear  readings,  taken  from  the  last  form,  were  collected  on  another  on 
which  the  temperature  correction  for  the  excess  temperature  above 
16°*7  C,  at  the  rate  of  0'117  centimetre  per  degree  centigrade  for  each 
length  of  the  tape,  was  also  entered.  When  this  was  added  to  the  sum 
of  the  readings,  the  result  gave  the  readings  corrected  to  the  tape  length 
at  16°*7  C.  The  corrected  sums  of  the  readings  were  then  collected 
by  segments,  as  in  the  following  table  and  totalled.  This  was  done 
because  it  was  intended  to  check  the  segments  of  the  base  by  angular 
measurements,  but  time  did  not  permit  of  this  being  carried  out. 


Segment  I.  —  Sum  of  Corrected  Readings. 


OCI.'WlUlia 

l8t 

measurement. 

2nd 
meaKurement. 

3id 

measurement. 

4th 

measurement. 

cm. 

cm. 

cm. 

cm. 

1-2 

+ 

4-24 

+ 

4-23 

+ 

3-47 

+ 

4-36 

2-3 

3-43 

+ 

1-78 

+ 

0-89 

+ 

1-26 

3-4 

0-04 

0-11 

0-72 

0-42 

4-5 

+ 

11-46 

+ 

10  11 

+ 

9-75 

+ 

10-05 

5-6 

+ 

0-13 

+ 

0-23 

0-51 

0-19 

6-7 

+ 

3-40 

+ 

2-21 

+ 

1-53 

+ 

1-84 

7-8 

+ 

2-68 

+ 

2-55 

+ 

1-89 

+ 

2-27 

Totals... 

+ 

24-30 

+ 

21-00 

+ 

16-30 

+ 

19-17 

Special  correction  ] 
7  X  (T-lOOm.)  [ 
from  table  p.  235  i 

+ 

39-13 

+ 

39-13 

+ 

41-51 

+ 

41-51 

63-43 

60-13 

57-81 

60-68 

General  mean  60-51  cm. 
Length  of  segment  I  =  700-6051  metres. 
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The  correction  for  error  of  level  was  made,  once  for  all,  at  the 
end  of  the  computations. 

In  the  same  way,  the  lengths  of  the  other  three  segments  were  found, 
and  the  length  of  the  whole  base  resulted : — 


Length  of  segment  I 

700*6051  metres 

)i      »      »)  ^-^ 

700-5947  „ 

J)      »)      ))  ^-^^ 

700-4549  „ 

IV 

800-6575  „ 

Base 

2902-3122 

Correction  for  level 

—0-0089 

2902-3033 

This  value  depends  ultimately  on  the  Stockholm  base-unit,  and  on 
the  assumption  that  the  50-metre  wire  had  not  altered  between  1900, 
the  date  of  standardization,  and  1903,  the  date  of  comparison. 

The  difference  between  this  value  and  that  already  given  on  page 
180  is  due  to  the  difference  in  standardization,  as  the  other,  which 
was  used  for  the  Cadastre,  depends  on  comparisons  with  a  standard 
metre  at  Giza. 

Term. — The  next  base,  in  point  of  time,  to  be  measured  with  the 
steel  tape  was  that  of  Tema.  The  method  adopted  at  Tema  was 
essentially  the  same  as  at  Seila,  except  that  the  partial  suspension 
over  triangular  blocks  of  wood  was  abandoned,  and  free  suspension 
over  such  blocks,  or  over  well-greased  iron  spurs  was  adopted.  Owing 
to  the  conformation  of  the  ground,  it  was  more  expedient  to  place 
these  supports  at  unequal  than  at  equal  intervals,  although  the  com- 
putation was  thereby  somewhat  increased. 

With  the  help  of  Barlow's  tables  of  squares,  cubes,  etc.,  the  total  sag 
correction  per  section  was  easily  found.  The  method  of  computation 
was  similar  to  that  adopted  for  Seila.  The  following  were  the  results 
for  the  different  sections  : — 


Section  I. 

Six  times  the  length,  of  the  standardized  tape  (100-02908  metres)  + 
the  corrections  shown  in  the  table,  in  metres: — 


1st 

measurement. 

2nd 
measurement. 

3rd 

measurement. 

4th 

measurement. 

Scale  readings   

+  0-2746 

+  0-3057 

+  0-2955 

+  0-1473 

+  0-0632 

+0-0540 

+0-0498 

+  0  0744 

Sag  correction   

-0-3677 

-0-3677 

-0-3677 

-0-2354 

Level  correction  

-0-0183 

-0-0183 

-0-0183 

-0-0183 

Stretch  correction  

+0-0389 

+  0-0389 

+0-0389 

+0-0487 

Total  correction 

—0-0093 

+0-0126 

—0-0018 

+  0*0167 

6  times  tape-length  =  600  metres 

+0-1745 

+0-1746 

+0-1745 

+  0-1745 

Length  o£  section      T,  600  m. 

+0-1652 

+  0-1871 

+0-1727 

+  0-1912 

n,  800  „ 

-0-1057 

-0-1278 

-0-0680 

-0-0888 

III,  700  „ 

-0-1270 

-0-1159 

-0-1232 

-0-1251 

IV,  700  „ 

+0-3113 

+0-3236 

+0-3232 

+0-3249 

Total  length  of  the  base,  2,800  m. 

+  0-2438 

+  0-2670 

+0-3047 

+0-3022 

The  general  mean  gives  :  Length  o£  Tema  base  =  2,800-2793  metres. 


The  unit  is  the  metre  of  the  Stockholm  base.  The  probable  error 
deduced  from  the  agreement  of  the  measurements  of  each  section  is 
±  14-7  millimetres  or  5  •  2  parts  per  million. 

Addendan. — This  was  the  most  southerly  base  measured  with  the 
100-metre  tape.  The  measurement  was  executed  in  the  same  way 
as  that  of  Tema,  and  the  computation  was  carried  out  on  similar 
lines.    The  conformation  of  the  ground  was  more  favourable,  and  the 
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supports  of  the  tape  were  placed  at  approximately  equal  distances, 
but  as  a  precaution,  these  distances  were  measured  and  the  calculation 
of  the  sag  effect  made  from  the  usual  formula  as  at  Tema.  There 
were  only  two  sections  here,  and  each  was  measured  twice  from  north 
to  south,  and  twice  in  the  reverse  direction.  At  each  measurement 
three  readings  of  the  scales  were  taken.  The  final  length  of  the  base 
is,  therefore,  the  result  of  twelve  sets  of  independent  readings. 

The  computations  for  the  two  sections  gave  the  following  results:— 


Section  I. 


1st 

2nd 

3rd 

4th 

measurement. 

measurement. 

measurement. 

measurement. 

Sum  oE  scale  readings  

+0-8622 

+  0-6435 

+  0-8325 

+  0-6257 

Temperature  correction   

+  0-05-16 

+  0-0538 

+  0-0778 

+0-0779 

Stretch  correction   

+0-0526 

+0-0658 

+  0  0526 

+  0-0658 

Sag  correction   

-0-6688 

-0-4280 

-0-6688 

-0-4280 

Level  correction  

-0-0375 

-0-0375 

-0-0375 

-0-0375 

Sum   

+0-2632 

+  0-2976 

+0-2567 

+  0-3039 

10  X  (Tape— 100  metres)  

+0-2908 

+  0-2908 

+0-2908 

+0-2908 

Length  of  section  =  1,000  m.  + 

0-5540 

0-5884 

0-5475 

0-5947 

Mean  length  of  section  I 

1,000-5712  metres. 

»> 

„  11 

1,000-6464 

Length  of  the  base  2,001-2176  metres. 


The  probable  error  deduced  from  the  discrepancies  of  the  sections 
was  ±  0  •  0092  m.  or  4  •  5  parts  per  million. 

Dakka. — This  base  also  was  measured  with  the  100-metre  tape  in 
conditions  somewhat  similar  to  those  at  Addendan. 

There  were  three  sections  and  each  was  measured  once  in  each 
direction.    Three  readings  were  taken  at  each  measurement.    At  the 
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south  end,  the  last  sectional  mark  overshot  the  base  terminal  by 
2-2858  metres. 

The  final  results  were  : — 


Sectiok  I. 

Section  II. 

Section  III. 

1 

1 
i 

o 
a 

1 
1 

L 

III. 

111. 

Ml. 

m. 

m. 

Ul. 

Sum  of  tlie  scale  read- 
ing'*   

+  1*028.5 

+0-5839 

+i-ii8(; 

+  0-.')798 

+  1-3977 

+0-8995 

Temperature  correction    . . . 

-0-0068 

+0-0211 

+0-0337 

+  0-0590 

+0-0253 

+0-0548 

Stretch  correction    . . . 

+0'0344 

+0-0584 

+0-0344 

+0-0584 

+0-0344 

+0-0584 

Sag  correction  

-0'9250 

-0-4060 

-0-9259 

-0-4060 

-0-9259 

-0-4060 

Level  correction 

-()-1667 

-0-1GG7 

-0-1137 

-0-11.37 

-0-1.375 

-0-1.375 

Sum   

-0-03C5 

+0-0907 

+0-1471 

+0-1775 

+0-3940 

+0-4692 

Means  

+0-0271 

+0-1623 

+0-4316 

Tape  X  27  =    2,700-7851  metres, 
i  +0-0271 

Corrections  as  above   \  +0*1623 

(  +0-4316 

2,701-4061 

Less  excess  at  south  end   — 2'2858 

Base    2,699-1203 


The  precision  was  estimated  by  considering  the  respective  sums  of 
the  first,  second  and  third  readings  for  each  section  as  giving  three 
independent  measurements  of  the  section.  There  were  thus  in  all 
six  independent  measurements  of  each  section. 

The  probable  errors  were  found  to  be  as  follows  : — 

Section      I    +  0-0191  m. 

II    +  0-0047  „ 

III    +  0-0117  „ 

Whole  base    +  0*0229  „  or  8*5  parts  per  million. 

IG 
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Khattara. — This  base  was  measured  under  similar  conditions  to  those 
of  Dakka  and  Addendan,  and  the  method  of  computation  was  substan- 
tially the  same.  The  base  was  measured  in  five  pieces,  called  in  order 
from  north  to  south  B-X,  X-Y,  Y-Z,  Z-XXV,  and  XXV-A.  The 
first  three  sections  were  approximately  700  metres  each,  the  fourth 
400  metres  and  the  last  piece  about  50  metres.  Tension  was  appUed 
by  a  10-kilogramme  weight  slung  over  a  frictionless  pulley  at  one  end, 
and  its  uniformity  was  measured  with  a  spring  balance  at  the  other 
and  the  indications  of  the  latter  were  employed  in  the  computation. 
An  examination  of  the  differences  shows  that  the  spring  balance 
recorded  an  average  tension  less  by  0-22  kilogramme  than  that  of  the 
weight.    The  effect  of  this  difference  would  be  to  increase  the  sag 

correction  in  the  ratio  ( — — — )    or  by  the  fraction  0*044.  The 

Vl0-0'22y 

average  sag  correction  was  about  70  centimetres  per  700  metres  or 
250  centimetres  for  the  whole  base,  and  0*044  of  this  amounts  to 
11  centimetres.  The  difference  in  the  stretch  correction  amounts  to 
0*24  centimetres  or  on  the  two  together  to  10*8  centimetres.  This  is 
on  the  assumption  that  the  tension  measured  by  the  spring  balance 
was  the  tension  throughout  the  tape.  If  we  assume  that  the  tension 
at  the  weight  end  was  10*0  kilogrammes  and  at  the  other  end  9*78 
kilogrammes,  and  that  the  difference  represents  the  effect  of  friction 
at  the  bearings  of  the  tape,  then  the  change  of  the  whole  correction 
for  sag  and  stretch  would  amount  to  about  half  the  above  figure  or 
5*4  centimetres  and  the  value  of  the  base  derived  below  might  on  this 
account  be  too  small  by  that  amount.  This  possible  uncertainty  of 
the  correction  for  tension  with  a  heavy  tape  is  a  strong  argument  for 
the  use  of  wires,  which  arc  comparatively  much  lighter,  and  accordingly 
may  be  used  without  intermediate  supports. 

The  results  for  the  first  section  as  a  type  were  as  follows  : — 


SECTION  B— X. 


N— S 

S— N 

1 
1 

0 

z 

0 
0 

L 

1 

0 

3 

4 

Sum  of  scale  readings   

+  0'4247 

+  0'4447 

+  0-6008 

+  0-5955 

4-  0-4032 

+  0-3927 

+  0-6650 

+  0-6914 

Temperature  correction  

+  0'022('. 

+  0-0226 

-  0-0687 

-  0-0687 

+  0-0271 

+  0-0271 

-  0-0903 

-  0-0903 

Stretch  correction   

+  0-0310 

+  0-0.509 

+  0*0306 

+  0-0307 

+  0  0308 

+  0  0312 

+  0  0290 

+  U-U/96 

Sag  correction  

-  0-G624 

-  0-6068 

-  0-6798 

-  0-6737 

-  0-6756 

-  0-6546 

-  0-7328 

-  0-7250 

Level  correction  

-  0-1372 

-  0-1372 

-  0-1372 

-  0-1372 

-  0-1372 

-  0-1372 

-  0-1372 

-  0-1372 

Sums  

—  0-3213 

—  0*3058 

—  0-2543 

—  0-2534 

A • OKI n 

—  0  0017 

7  X  (Tape-length  —  100  m.)...  = 

+  0-2036 

+  0-2036 

+  0-2036 

+  0-2036 

+  0-2036 

+  0-2036 

+  0-2036 

+  0-2036 

Section  =  700  m  

-  0-1177 

-  0-1022 

-  0-0507 

-  0-0498 

-  0-1481 

-  0*1372 

-  0-0622 

-  0-0279 
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The  corrected  length  of  the  base  was  2,549  •  8888  metres. 

The  probable  error  was  calculated  from  the  discrepancies  of  the  eight 
independent  values  of  each  section.  It  is  ±  0-0135  metre  or  5*5  parts 
in  a  million. 

Bases  measured  with  the  Jdderin  Wires. — In  using  the  wires  Pro- 
fessor Jiiderin  recommends  that  a  fixed  tension  should  be  employed, 
but  it  was  decided  that  there  would  be  a  gain  of  time  on  the 
whole  if  the  field  party  did  not  attempt  to  measure  at  one  uniform 
tension,  but  simply  recorded  the  tensions  at  which  the  measurements 
were  made.  Consequently  one  of  the  observers  watched  the  spring 
balance  and  recorded  the  tension  indicated  at  the  instant  the  signal 
to  read  was  given.  For  similar  reasons,  it  was  decided  not  to  try 
to  bring  one  fiducial  mark  of  the  wire  to  coincidence  with  the  mark 
on  the  tripod  head,  but  simply  to  read  the  scales  at  both  ends  simul- 
taneously by  signal,  and  to  shift  the  wires  slightly  between  each 
reading. 

The  employment  of  this  method  necessitated  the  introduction  of 
corrections  for  tension,  of  the  form  a  T  —  6  /  T^  In  all  the  computa- 
tions with  the  60-metre  wires  before  Eoda  the  following  values  were 
used : — 


Wire. 

h. 

Length  of  wire  iit  tension  T 
ami  U  °C. 

2  ... 

Steel   

0-H3U 

172-U 

5002-58  cm.  +  «T-/>/T^ 

3  ... 

Brass  

0-2532 

179-2 

5000-33  cm.  +  aT-h/T 

These  values  were  obtained  from  measurement  of  the  thickness  of 
the  wires  combined  with  assumed  values  of  the  densities  of  steel  and 
brass,  and  of  Young's  modulus  for  each  material.  Both  the  density 
and  this  coefficient  of  elasticity  may  vary  within  wide  hmits  and  the 
values  used  may  be  subject  to  considerable  error.  In  consequence 
of  this,  when  the  25-metre  wires  were  used  at  Roda  they  were 
standardized  for  tension.  With  the  values  so  obtained  it  was  possible 
on  certain  assumptions  to  compute  other  values  for  the  50-  metre 
wires,  and  when  this  is  done  it  appears  that  the  values  given  above 
are  in  fair  agreement  with  those  deduced  (see  p.  249),  but  still  suscept- 


ible  of  further  improvement.  A  recomputation  of  the  bases  has  not, 
however,  been  made  with  these  latest  data  for  the  50-metre  wires, 
since  it  has  now  been  decided  to  undertake  a  first  order  triangulation, 
the  bases  of  which  will  supersede  those  of  the  present  topographical 
and  cadastral  second  order  work. 

Moqaltam. — This  was  the  first  base  measured  with  the  Jaderin  wires. 
The  method  of  computation  was  similar  to  that  adopted  for  Sella 
where  the  100-metre  tape  was  employed,  except  that  the  temperature 
was  deduced  from  a  comparison  between  the  measurements  with 
wire  2  and  those  with  wire  3. 

The  scale  readings  at  each  end  were  added  together  and  a  correction 
for  tension  apphed  as  in  the  table  below.  This  tension  correction  was 
based  on  the  values  a  —  0-253,  h  =  179-2  for  the  brass  wire,  and 
a  =  0-U30,  h  =  172-0  for  the  steel  wire. 


MOQATTAM  BASE-LINE. 


Section  A-B.  Pakt  I. 


Wire. 

llEADISOS. 

Tensioji. 

COBIIECTEU  RiuniNOS. 

Front. 

Ruiir. 

Sum. 

Heading. 

Correction. 

Moans. 

cm. 

cm. 

cm. 

kg. 

cm. 

cm. 

cm. 

Steel,  ^ 
forward 

11-23 
11-28 
11-30 
11-30 

10-23 
10-20 
10-21 
10-20 

21-46 
21-48 
21-51 
21-50 

8-2 
8-2 
8-2 
8-2 

+  0-84 

22-30 
22-32 
22 -.35 
22-34 

22-328 

Brass, 
forward 

12-11 
12-15 
12-15 
12-27 

!)-80 
9-80 

;)-8a 

9-80 

21-91 
2L-95 

21-  95 

22-  07 

8-2 
8-2 
8-2 
8-2 

1 

-0-26 

21-65 
21-69 
21-69 
21-81 

21-710 

Steel,  \ 
back 

12-50 
12-59 
12-60 
12-C)0 

9-02 
8-93 
8-89 
,S-8l 

21-52 
21-52 
21-49 
21-41 

14 -.50 
14-30 
14 -.'io 
14-;!0 

-1-3-29 
-^3-24 
+  3-26 
+  3-24 

24-81 
24-76 
24-75 
24-65 

24-742 

Brass,  ' 
back 

11-  80 

12-  01 
12-30 
12-48 

10-38 
10-21 
10 -OU 
9-72 

22-18 
22-22 
22-30 
22-20 

11-05 
11-05 
11-05 
11-05 

1 

! 

+  1-66 

23-84 
23-88 
23-96 
23-86 

23-885 
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The  figures  in  the  last  column  were  then  collected  as  below : — 

Section  A-B. 


Pakt. 

FOIiWARD. 

Back. 

Steel. 

Brass. 

Steel. 

Brass. 

cm. 

cm. 

cm. 

{■III. 

1  

22-328 

■  21-710 

24-742 

23-885 

2  

27*450 

24-760 

16-123 

15-413 

3  

23-963 

23-330 

27-633 

27-063 

4  

15-523 

14-895 

23-915 

63-433 

5  

24-248 

23-502 

20-500 

19-790 

6  

24-833 

24-162 

20-133 

19-353 

7  

22-348 

21-557 

26-505 

25-725 

8  

22-815 

22-032 

21-898 

21-083 

9  

26-955 

26-350 

28-  90 

27-240 

10  

20-665 

19-835 

23-283 

22-525 

11  

30-065 

29-392 

26-505 

25-632 

12  

15-903 

14-850 

20-288 

19-507 

13  

25-648 

25-035 

19-900 

19-085 

14  

17-855 

17-177 

26*200 

25-555 

15  

29-665 

29-070 

28-923 

28-323 

16  

29-283 

28-672 

14-895 

14-182 

17  

25-115 

23-722 

30-570 

29-902 

18  

17-800 

17-215 

21-140 

20-402 

19  

18-725 

18-167 

16-973 

16-347 

20  

52-820 

25-452 

25-205 

24-462 

Sum  1,000  m.+ 

67-007 

50-885 

63-421 

48-907 

Then  the  differences  67-007  —  50-885  or  16-122  centimetres,  and 
63-421  —  48-907  or  14-514  centimetres,  must  be  the  differences  between 
the  expansion  of  1,000  metres  of  steel  wire  and  the  same  length  of  brass 
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wire.  The  difference  on  1,000  metres  per  1°  C.  is  0-75  centimetre. 
Hence  the  above  differences  correspond  to  rises  of  temperature  amount- 
ing to  21°-496  for  the  forward  measurement.  The  corrections  for 
temperature  are  therefore  +  100,000  X  10''  X  21-496  centimetres,  and 
100,000  X  1-75  X  10-'  X  21-496  centimetres,  or  +  21-496  and  .37-618 
centimetres  respectively.  In  the  same  way  the  corrections  for  the 
bade  measurement  were  found  to  be  -f-  3-33  and  5-83  centimetres. 
We  have  thus  the  following  lengths  for  the  first  section : — 


FOBWAIID. 

Back. 

Steel. 

Urass. 

Steel. 

BrasB. 

in. 

III. 

in. 

m. 

Sum  as  iiI)ove  1,000  m  

Temperature  correction. 

+ 
+ 

0-67007 
0-21496 

0-50885 
0-37618 

0-63121 
0-19356 

0-48907 
0-33873 

Corrected  length  1,000  m.  .. 

Level  correction.  ...   

Reduction  to  ground  marks .. 

+ 

0-8850 
0-;5545 
0-5142 

0-885;) 

0-8278 
0-3377 
0-4870 

0-8278 

Length  o£  section  1,000  m.  .. 

+ 

0-0163 

0-0031 

In  the  same  way  the  lengths  of  the  other  sections  were  found  and 
the  following  table  compiled :  — 


Section. 

Forward. 

Back. 

m. 

m. 

A— B   

B— C   

C-D   

D— E   

1,001) -0163 
1,00!) -5592 
1,000 -3908 
.389-4292 

1,000-0031 
1,000-4424 
1,000-3691 
389-4229 

Length  of  the  base  

3,390-3955 

3,390-2375 

Mean   

Reduction  to  sea-level   

  3,39()-.3166  metres. 

  -  0-0180 

3,390-299 

metres. 

The  value  actually  employed  for  the  Cadastre  was  0-59  metre  less, 
owing  to  the  fact  that  the  constants  were  determined  indirectly  and 
were  considerably  in  error  compared  with  the  later  values,  which, 
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without  doubt,  were  the  more  correct.  When  the  triangulation  was 
being  revised  for  topographical  purposes,  the  length  of  the  base  was 
recalculated  with  the  improved  data  as  above.  From  the  agreement 
between  the  observed  lengths  of  the  Tel  el  Kebir  and  Seila  bases  and 
the  values  computed  through  the  triangulation,  this  is  certainly  better 
than  the  value  for  this  base  used  for  the  Cadastre. 

Gebdein. — This  was  the  next  base  measured  with  the  wires.  It 
was  divided  into  two  sections  of  about  1,253  and  1,052  metres  respect- 
ively.   The  equations  containing  the  tension  corrections  were  : — 

\Vs  =  .5,002-47  cm.  +  0-li;$a  T  -  172/P 
Wb  =  5,000-33  cm.  +  0-2532  T  -  179-2/T' 

where  and  are  the  lengths  of  the  two  wires  at  temperature 
14°  C.  Each  section  was  measured  twice.  The  thermal  coeffi- 
cients [b  =  1-75  X  10  '  and  x  =  1-00  X  10  °  were  used,  so  that  the 
difference  of  expansion  on  50  metres  was  0-75  X  10  °  X  5,000 
centimetres  per  degree  centigrade,  or  0-0375  centimetre  per  degree 
centigrade. 


For  Section  I,  we  have  the  following : — 


Section  I. 

FoltWARD. 

Steel  wire.       Brass  wire. 

Back. 

Steel  wire.       Brass  wire. 

Mean  reading  corrected  for  tension 

Difference  

i  -  14  

Temperature  correction   

!•  4821  cm.       3-9125  cm. 
0-569C  cm. 
15°- 190  C. 
-(- 0-7595  cm.  H-l'3291cm. 

4-2252cm.       3-4508  cm. 
0*7744  cm. 
20°-6.507  C. 
+  1-0325  cm.    -f  1-8069  cm. 

Mean  riding  corrected   

Mean  distance  between  tripods   

Length  of  25  such  intervals   

Beduction  to  the  ground  marks   

5-2416  cm.       5-2416  cm. 
50-052416  metres 
1251-3104 
+  1-5267 

5-2.577  cm.       5-2577  cm 
60-052577  metres 
1251-3144 
-t-  1-4948 

Distance  between  ground  marks   

Level  correction  (tripods)   

12.52-8371  metre-si 
-  0-0286 

1252-8092 
-  0-0260 

metres 

n 

Horizontal  length  of  the  section  ... 

Probable  error  

1252-8085  metres 

0-0084 

1252-7832 
metres 

1 

metres 

Length  of  the  base    2:104-6856  metres. 

Tlie  probable  error  is  +  0-0085  metres,  or  3-7  parts  per  million. 


—  249  — 


Amhir. — The  next  base  after  Gebelein  to  be  measured  with  the  wires 
was  Ambir.  It  was  in  two  sections  and  the  computation  was  similar 
to  that  of  Gebelein.  The  summarized  results  are  given  on  page  185. 
The  constants  used  were  the  same  as  for  Gebelein. 

Roda. — Following  Ambir,  Roda  base  was  next  measured  with  the 
wires,  but  owing  to  the  accidental  breakage  of  wire  No.  3  after  650 
metres  had  been  measured,  the  25-metre  wires  were  employed  for  the 
rest  of  the  work  both  forward  and  back.  Although  there  was  a  loss  of 
time  in  this  way,  it  is  probable  that  there  was  a  considerable  gain  in 
accuracy.  As  new  wires  were  brought  into  use,  they  were  properly 
standardized  for  tension  before  the  computations  were  undertaken. 
There  is  little  doubt  that  the  tensions  of  8  kilogrammes  that  had 
been  used  on  one  measurement  at  the  three  preceding  bases  was  too 
low  for  50-metre  wires  and  that  at  least  12  to  15  should  have  been 
employed. 

The  standardization  of  the  wires  for  tension  was  done  by  Mr.  E.  M. 
Dowson  and  the  writer  at  Giza  in  the  grounds  of  the  Department. 
Two  tripods  were  put  up,  25  metres  apart,  under  a  balcony  on  the 
north  side  of  the  building,  where  the  apparatus  was  well  sheltered  from 
radiation,  and  comparisons  of  the  fixed  distance  between  the  two 
tripods  and  the  length  first  of  wire  1  and  then  of  wire  4  were  made 
with  tensions  varying  by  half-kilogrammes  from  7*5  to  14  kilogrammes. 

As  the  result  of  the  measurement  the  following  table  giving  the 
constants  was  obtained  : — 


Wire. 

Material. 

Value  of 

Length  at  tension  T  * 
and  temperature  of 
st.andardization. 

a. 

h. 

1  

Steel 

0-05731 

24-187 

2,500-88  + a 

2  

0-1146 

193-496 

5,002-54 -f- a  T-ft/T' 

8  

Brass 

0-2444 

172-000 

5,000- 25-1- a  T-?>/T' 

4  

0-1222 

21-625 

2,500-04 -J- a  T~ft/T' 

*  Kee  p.  1.56. 
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After  the  details  given  of  the  computation  of  the  other  bases,  it  is 
unnecessary  to  do  more  than  refer  to  the  results  obtained  for  Eoda. 
The  first  section  was  measured  with  the  50-metre  wires,  the  next 
eight  with  the  25-metre  wires,  and  the  last  on  the  20-metre  tape. 

The  probable  error  was  the  smallest  obtained  in  the  base-line 
work  and  for  this  there  are  several  reasons.  First,  as  the  result  of 
the  experience  gained  on  the  earlier  bases,  improvements  in  the 
method  of  suspending  the  wire  had  been  introduced,  and  the  tension 
was  now  applied  through  cords  supporting  lead  weights  and  passing 
over  pulleys  on  ball-bearings  to  remove  friction.  Secondly,  the 
observers  had  benefited  by  the  experience  of  the  previous  bases. 
Thirdly,  the  wires  were  properly  standardized  for  tension,  which 
undoubtedly  was  the  most  uncertain  part  of  the  earlier  measurements. 
Further,  the  possibilities  of  the  method  had  been  better  realized,  and 
it  was  seen  that,  given  the  necessary  carefulness,  results  of  the  highest 
precision  might  be  attained,  and  the  fact  that  the  length  of  this  base 
was  not  wanted  with  quite  the  same  urgency  as  the  others  had  been, 
admitted  of  sufficient  time  being  devoted  to  the  work.  It  is  interesting 
to  note  that  the  estimates  of  the  probable  error  of  a  base-line  of  about 
this  length  ( ±  2-0  millimetres)  derived  from  the  results  of  the  tension 
standardization,  were  confirmed  by  the  figures  obtained  in  the  field 
(±  1-7  milHmetres). 

Feshn. — In  measuring  this  base,  the  wires  were  employed  at  the 
tension  of  standardization,  10  kilogrammes.  Consequently,  there  was 
no  need  of  applying  a  tension  correction.  Otherwise  the  computation 
was  similar  to  that  of  the  other  bases  measured  with  wires,  and  par- 
ticulars need  not  be  given  here. 

Td  d  Kebir. — The  methods  of  measurement  and  computation  were 
similar  to  those  of  Feshn,  except  that  in  the  second  measurement, 
the  whole  base  was  measured  in  one  part.  There  are  thus  only  two 
independent  measurements  of  the  whole  base. 

There  is  nothing  calling  for  special  remark  in  the  computation  of 
the  remaining  bases. 


—  251  — 


'Reduction  of  the  Angulak  Observations. 

Before  proceeding  to  details  about  the  methods  adopted  for  the 
reduction  of  the  angular  observations,  it  may  be  desirable  to  recall 
the  errors  to  which  such  observations  are  liable,  and  the  manner  of 
eliminating  them. 

A  pointing  with  a  theodolite  is  subject  fo  the  following  errors : 

1.  — Error  of  oollimation  , 

2.  — Error  due  to  dislcvelment ; 

3.  — Error  due  to  eccentricity  of  the  divided  circle  ; 

4.  — Error  of  the  circle  divisions  ; 

5.  — Systematic  personal  error  of  the  observer  ; 

6.  — Other  small  accidental  and  unsystematic  errors. 

These  are  eUminated  in  the  following  ways : 

The  error  of  coUimation,  by  reversal  of  the  face  of  the  instrument. 

The  level  error,  by  reversing  the  instrument  in  azimuth;  or  the 
two  together,  by  reversal  in  altitude  combined  with  reversal  in 
azimuth.  The  level  error  is  practically  negUgible  except  for  stations 
at  a  considerable  angular  altitude  above  the  point  of  observation, 
so  that  the  double  reversal,  in  both  altitude  and  azimuth,  is,  in  most 
triangulation  work,  simply  a  convenient  method  of  eliminating  the 
error  of  collimation.  In  the  Nile  Valley,  where  stations  are  seldom 
at  an  angular  altitude  of  more  than  one  degree,  the  error  of  collimation 
is  the  same  for  all  pointings,  and  disappears  from  the  angles. 

The  error  of  eccentricity,  by  reading  two  verniers  or  microscopes 
diametrically  opposite. 

Circle  errors,  as  far  as  possible,  by  changing  the  zero  systematically. 

Systematic  personal  errors  consist  chiefly  in  error  of  pointing  on 
the  mark,  error  of  bisecting  the  divisions  of  the  circle  by  the  micro- 
meter hairs,  and  error  of  estimating  the  subdivisions  on  the  micrometer 
head.  So  long  as  they  are  systematic  and  constant,  they  cannot  be 
eliminated  from  the  pointing,  but  this  is  of  no  consequence  since  they 
are  then  the  same  for  both  pointings,  and  the  angle,  which  is  the  dif- 
ference between  the  readings  for  the  two  pointings,  will  be  unaffected. 

There  remain  the  accidental  errors,  which  can  only  be  minimized 
by  due  carefulness  on  the  part  of  the  observer,  and  by  increasing  the 
number  of  observations. 


It  is  worth  while  remembering  that  when  an  operation  is  reversed 
to  get  rid  of  some  error,  the  error  may  be  found.  Thus  the  error  of 
collimation  may  be  found  from  a  comparison  of  the  pointings  observed 
with  the  instrument  face-right  with  those  observed  when  it  is  reversed ; 
the  eccentricity  may  be  found  by  comparing  the  readings  made  with 
micrometer  A  with  those  made  with  B ;  the  errors  of  division  of  the 
circle  may  be  found  by  comparing  the  values  of  angles  obtained  on 
different  zeros  ;  and  finally  a  measure  of  the  excellence  of  the  instru- 
ment and  the  carefulness  of  the  observer  may  be  deduced  from  the 
uniformity  of  the  results  obtained  for  these  constants. 

This  control  on  the  precision  of  the  theodolite  observations  by 
computing  the  instrumental  errors  of  course  requires  time,  and  it  is 
only  since  the  rate  of  work  demanded  for  the  cadastral  survey  has 
been  lessened  that  it  has  become  possible  to  apply  it  as  a  systematic 
part  of  the  computation  ;  but  now  that  this  is  done,  the  results  suggest 
the  utility  of  never  neglecting  it.  In  this  way  a  series  of  bad  observa- 
tions in  Beheira  was  traced  to  a  wobble  of  the  vertical  axis  of  the 
instrument;  and  a  discussion  of  the  circle  errors  of  some  of  the  theo- 
dolites has  given  instructive  results,  which  have  been  confirmed  by 
actual  measurement  of  the  circle  errors  at  Helwan  Observatory.* 

In  the  observations  for  the  angles  of  the  second  order  triangulation 
each  angle  was  derived  as  the  difference  of  pointings  to  two  stations, 
each  pointing  being  made  with  the  instrument  face-right  and  face- 
left,  and  on  six  different  zeros— 0°,  30°,  60°,  90°,  120°  and  150°— 
and  the  angles  were  read  on  the  circle  by  two  micrometers.  To  elimi- 
nate twist  of  the  instrument  or  station,  as  far  as  possible,  the  pointings 
to  stations  were  made  successively  clockwise  and  counter-clockwise. 
As  far  as  possible,  every  station  was  sighted  on  every  arc,  but  where 
this  could  not  be  done,  owing  to  haze  or  other  reasons,  a  supplementary 
set  for  the  missing  signal  was  observed.  From  each  set  of  observa- 
tions, it  is  thus  possible  to  obtain  twenty-four  values  of  each  angle, 
but  these  are  not  all  independent.  They  have  to  be  combined  in  pairs 
to  eliminate  errors  of  eccentricity,  and  this  reduces  them  to  twelve. 
But  even  these  are  not  independent,  for  they  contain  errors  of 
graduation  of  the  circle.  If  the  latter  are  known  they  can  be  applied 
as  corrections,  and  the  twelve  different  values  for  each  angle  will  then 


•  B.F.  E,  Keeling,  "  Cairo  Scientific  Journal."  1908,  Vol.  11,  p.  110. 
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contain  none  but  accidental  errors,  and  may  be  used  to  find  its 
weight. 

In  the  second  order  triangulation  the  circle  errors  of  the  dif- 
ferent theodolites  were  never  determined,  but  since  theory,  in 
agreement  with  practice,  shows  that  these  errors  can  be  reduced  to 
a  neghgible  quantity  by  taking  th"  mean  of  readings  on  different 
zeros,  it  was  considered  that  the  r^.oan  of  tlie  twelve  values  gave 
the  true  value  of  the  angle.  The  difference  of  the  various  angles  from 
this  mean  could  not  be  considered  accidental  errors,  since  they  contained 
the  errors  of  division  of  the  circle.  It  was  decided,  therefore,  that 
weights  should  not  be  deduced  from  these  discrepancies  by  finding 
their  mean  square,  and  after  due  consideration  it  was  decided  to  assign 
equal  weights  to  all  angles.  This  practice  has  been  adhered  to  through- 
out the  reduction  and  adjustment  of  all  angular  observations. 
That  the  neglect  of  the  theoretical  weights  was  not  an  imjustifiable 
procedure,  may  be  gathered  from  the  fact  that  weights  ranging  from 
a  hundred  to  unity  would  have  resulted  from  the  treatment  of  the 
twelve  different  values  of  the  angles  as  independent,  and  when  one 
remembers  the  fundamental  meaning  of  weight  in  observational 
work,  it  is  quite  certain  that  no  single  set  of  angles  was  equivalent  to 
a  hundred  sets  of  other  angles  observed  with  ordinary  care. 

The  angles  were  booked  as  read  in  the  field  in  special  note-books, 
and  were  copied  in  ink  on  to  angle-sheets  adapted  from  those  in  use 
in  the  Survey  of  India  (see  page  254),  where  part  of  the  computation 
of  the  angles  at  station  B7  is  shown),  and  were  then  sent  to  the 
Computation  Office  to  be  dealt  with. 

The  method  of  computing  the  angles  was  in  general  as  follows  : 
1.  For  each  arc,  the  mean  of  the  four  micrometer  readings  for  each 

signal  (two  face-right  and  two  face-left),  was  taken  and  written  in  the 

column  "mean." 


No.  1  Party,  Beheira,  Trigonometrical  Section. 


Angles  taken  at  B7  Station  with  8-inch  Theodolite  No.  466.  Date  27.1.1907. 


Microscope  Readiugs. 

Angles 

Object. 

Face. 

Mean. 

Angles. 

on  difierent  arcs 

A 

B 

collected. 

O 

1 

> 

f 

O 

» 

O 

1 

« 

G3 

R 
L 

0 

4 

6 

51 
19 

4 
4 

35 
39 

0 

4 

51-0 

58 

34 

47-1 

Arc  I  

G2 
BG 
B8 
G3 

R 
L 

R 
L 

R 
L 

R 
L 

58 
158 
292 
0 

39 
40 

13 
13 

17 
17 

t 

5 

41 
1-5 

11 

8 

5 
3G 

49 
IG 

39 
39 

12 
12 

10 
17 

4 
4 

12 

38 

32 
53 

54 
3 

40 
40 

58 
12S 
292 
0 

30 
12 
17 
4 

38-1 

50-  0 
09-5 

51-  2 

G9 
164 
07 

33 
4 
47 

17-9 
13-5 
41-7 

Angle  G3-G2. 

58°  34'   47'- 1 
41  -9 

49  -2 
.51  -1 
54  -4 

50  *4 

294' -1 

L 

R 

210 

2 
2 

24 

25*5 

1 
1 

45 
49 

210 

2 

05-9 

58 

34 

41-9 

Mean  58°  34'  49'  -0 

I, 

R 

2G8 

3i) 
37 

57 
14 

30 
30 

27 
33 

2G8 

3G 

47-8 

09 

33 

06-4 

Angle  G2-B6. 

Arc  II  

BC 

L 
R 

338 

9 
10 

59 
28 

9 
9 

3S 
32 

338 

9 

54-2 

104 

4 

11-9 

69°  33'     12' -3 

B8 

L 
R 

142 

14 
11 

24 
25 

13 
13 

41'5 

54 

142 

14 

00-1 

67 

47 

50-0 

7  -6 
6  -4 

G3 

h 
R 

210 

2 

13 

28 

1 
1 

33 

54-5 

210 

2 

02-1 

17  -9 
9  -C 

02'  -2 

R 
L 

270 

3 
3 

24 
17-5 

2 
2 

54-5 
35-6 

270 

3 

02-9 

58 

34 

49-2 

Meim  09°  33'  10" -6 

1  ixJ 

R 
L 

328 

38 
38 

14 

5 

37 
37 

54-5 
15 

328 

37 

52-1 

69 

33 

12-3 

Arc  Hi.   

ISO 

R 
L 

38 

11 
11 

35 
10-5 

10 
10 

59 
33 

38 

11 

04-4 

164 

04 

07-5 

BS 

R 
L 

202 

15 
15 

44 
11 

14 
14 

59 
53-5 

202 

15 

11-9 

67 

47 

52-1 

G3 

R 
L 

270 

3 
3 

31 
12 

3 
2 

1 

32 

270 

3 

04-0 

2.  The  differences  between  successive  "  means  "  were  written  in 
the  column  "angles." 

3.  The  six  different  values  for  each  angle  were  collected  in  the 
last  column  of  the  form,  and  the  means  taken. 

Angles  were  not  adjusted  for  closure  of  the  centre  at  this  stage, 
nor  in  general  were  corrections  for  errors  of  runs  of  the  micrometers 
applied. 

Two  methods  of  checking  the  computation  were  employed: 

1.  For  several  years,  the  computation  described  above  was  made 
by  one  computer,  and  repeated  by  another. 

2.  Later,  another  system  was  adopted.  With  the  aid  of  a  compto- 
meter, the  minutes  and  seconds  of  all  the  settings  made  on  each 
station  were  added  up,  and  so  the  mean  setting  on  each  station  was 
computed.  Then,  the  differences  between  the  mean  settings  should 
be  equal  to  the  mean  angles  as  computed  before. 

Skeleton  Maps. — Great  use  of  skeleton  maps  of  the  triangulation  and 
traverse  has  been  made  in  all  stages  of  the  work.  The  best  existing 
maps  of  the  district  to  be  surveyed  were  used,  and  the  triangulation 
marked  on  it  as  points  were  selected.  By  various  conventions,  it  was 
possible  to  exhibit  points  that  had  been  definitely  selected  in 
reconnaissance,  and  points  where  the  angular  observations  had  been 
definitely  accepted.  Thus,  at  a  glance,  the  state  of  the  work  could 
be  gauged  at  any  time,  and  a  better  control  could  be  exercised  over 
the  general  execution  of  the  work.  As  observations  arrived,  a  more 
accurate  diagram  of  the  triangulation  was  drawn  by  protractor  and 
used  in  a  similar  manner,  to  show  the  progress  of  the  computation. 

Occasionally,  these  maps  were  used  as  graphical  computing  devices 
to  give  rough  checks  on  the  arithmetical  computations. 

Thus,  by  showing  eccentric  stations  (which  were  frequent  in  Lower 
Egypt),  in  their  true  azimuth,  but  at  an  exaggerated  distance  from  their 
primary  stations,  it  is  possible  to  compute  approximate  values  of  the 
reductions  to  be  applied  to  the  observed  angles  to  obtain  the  angles 
at  the  primary  station.  This  use  of  the  maps  *  depends  on  the  fact 
that  the  ratio  of  the  angles  so  measured  to  the  angles  derived  from 


'  Due  to  Mr.  T.  L.  Bbsnett,  inspector  in  tlie  Computation  Office, 
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arithmetical  computation  is  approximately  the  same  as  the  ratio 
between  the  distorted  and  true  distances.  The  diagram  in  Plate  XIV 
exhibits  the  method. 

Another  way  in  which  skeleton  diagrams,  not  necessarily  drawn  to 
scale,  were  employed,  was  to  detect  the  site  of  gross  errors.  For  the 
triahgulation,  the  angular  error  of  closure  was  entered  with  its  sign  in 
each  triangle,  and  a  scrutiny  of  the  diagram  frequently  enabled  the 
Computation  Office  to  indicate  to  the  field-party  which  point  should 
be  occupied  first  to  clear  up  an  inadmissible  error.  This  method 
becomes  increasingly  useful  as  the  scale  of  survey  descends.  Thus  it 
was  used  only  occasionally  for  the  second  order  triangulation  ;  much 
more  frequently  in  third  order ;  and  continually  in  the  traverse  work. 
Example  of  this  use  in  the  third  order  triangulation  and  in  the  traverse 
work  are  exhibited  in  Plates  XV  (fig.  1)  and  XVI. 

In  the  first  case  the  errors  are  so  gross  that  it  is  clear  that  point  133 
must  have  been  moved  between  the  observations  to  it  and  those  from 
it.  The  inspector  in  charge  of  the  triangulation  was  informed,  and  the 
point  was  replaced  as  nearly  as  possible  in  its  old  position  but  treated 
as  an  entirely  new  point,  all  old  observations  to  it  being  cancelled. 

For  the  traverse  computation,  the  diagrams  used  were  of  the 
roughest  description  since  the  labour  of  drawing .  a  fairly  accurate 
sketch  is  considerable.  But  in  cases  where  large  scale  maps  already 
exist,  such  sketches  can  easily  be  made,  and  are  much  preferable  to 
very  rough  diagrams.  It  was  found  advisable,  however,  in  keeping  tally 
of  the  progress  of  the  field-work  and  computation,  to  use  the  best 
maps  available  on  a  scale  of  1  :  100,000.  On  these,  rough  boundaries 
were  drawn  as  the  field-work  was  received,  and  by  a  convention  as  to 
colour  or  shading,  the  state  of  the  work  in  each  markaz  was  shown 
clearly  and  comprehensively.  This  was  particularly  useful  for  indicat- 
ing ia  what  localities  field-work  was  behindhand,  and  when  it  was 
being  pressed  on  unnecessarily  and  at  the  expense  of  other  districts. 

Maps  of  the  triangulation  drawn  to  scale  were  used  for  finding  the 
spherical  excess.  If  E  is  the  spherical  excess  in  seconds,  E  =  206200 
A/a^  where  A  is  the  area  of  the  triangle  in  square  kilometres,  and  a  is 
the  mean  radius  of  the  earth  at  the  triangle.  With  Clarke's  figure  of 
the  earth  this  formula  becomes:  E  =  A/196-6.  As  the  spherical  excess 
never  exceeded  5"  for  any  triangle,  a  sufiicient  approximation  was 
obtained  by  dividing  the  area  in  square  kilometres  by  200,  for  the 
error  so  introduced  never  exceeded  0"'l. 


GRAPHIC  DETERMINATION  OF  CORRECTIONS  FOR  ECCENTRICITY. 
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Using  tliis  graphic  method,  one  could  always  find  the  area  oi  the 
triangle,  and  hence  the  spherical  excess,  correct  to  one  per  cent,  or  with 
the  approximate  rule  to  three  per  cent,  a  precision  more  than  sufficient 
for  the  largest  triangles.  The  residual  error  was  thus  thrown  into 
the  error  of  closure  of  the  triangle. 

Adjustment  of  the  Secondary  Angles. — In  the  Delta,  the  triangles 
formed  interlacing  central  polygons,  and  along  the  valley,  quadrilaterals, 
each  independent  of  the  next,  so  far  as  the  angular  measurements 
went.  The  resulting  complexity  in  the  Delta  indicated  the  reduction  of 
large  blocks  of  the  triangulation  as  the  best  method  to  be  followed,  but 
the  time  available  did  not  permit  of  the  adoption  of  this  method,  and 
the  whole  was  reduced  by  successive  polygons.  Angles  which  had 
abeady  been  adjusted  in  one  polygon  were  treated  as  errorless  in  an 
adjacent  one  into  which  they  might  enter.  InDaqahlia,  difficulty  arising 
from  this  source  was  avoided  by  the  plan  of  occasionally  leaving  a  gap 
over  which  the  errors  were  distributed,  so  that  accumulation  was 
prevented  and  the  errors  were  kept  within  reasonable  limits.  In  1908, 
after  the  high  pressure  under  which  the  work  had  to  be  turned  out  had 
ceased,  a  part  of  Menufia  and  a  part  of  Gharbia  were  each  reduced  as 
one  figure,  and  the  same  procedure  will  be  adopted  in  the  remaining 
part  of  Gharbia,  which  will  complete  the  secondary  triangulation  of 
the  cultivated  area  of  Egypt. 

In  the  Nile  Valley,  the  independent  quadrilaterals  presented  no 
difficulty,  and  no  artifice  was  necessary  to  prevent  accumulation  of 
error,  since  adjustments  had  never  to  be  carried  from  one  figure  into 
the  next.  When  the  secondary  triangulation  of  the  Delta  is  com- 
plete, the  adjustment  of  the  whole  will  be  re-considered. 

The  figures  were  always  adjusted  by  the  method  of  least  squares, 
treating  all  angles  as  of  equal  precision.  As  being  somewhat  the  easier 
of  the  two,  the  method  of  angles  was  adopted  in  preference  to  that  of 
directions.  The  method  of  least  squares  was  adopted,  largely  because 
it  gives  a  unique  solution  of  the  problem  of  finding  a  system  of  correc- 
tions which,  applied  to  the  angles,  will  make  the  whole  figure  self- 
consistent.  Other  approximate  methods  might  have  been  adopted, 
which  would  have  given  corrections  practically  neghgible  in  their 
effects  on  the  accuracy  of  the  maps,  but  nearly  all  leave  too  much  to 
the  judgment  and  experience  of  the  computer,  and  in  the  beginning 

17 
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of  the  work,  at  any  rate,  when  the  computers  were  being  trained,  and 
even  for  some  years  after,  it  was  undesirable  to  trust  too  much  to 
their  judgment.  The  method  had,  of  course,  the  additional  advantage 
of  giving  the  most  probable  system  of  corrections  d  posteriori. 

The  theory  and  examples  of  the  methods  adopted  will  be  given  in  a 
special  publication*  on  the  theory  of  the  computations  in  use  in  the 
department. 

Adjustment  of  the  Chains  of  Triangulation. — Theoretically,  the  whole 
of  a  triangulation  should  be  reduced  by  the  method  of  least  squares 
as  one  piece,  but  in  practice  this  is  seldom  done,  and  the  trian- 
gulation is  divided  into  blocks  which  are  reduced  separately  and 
successively,  the  corrected  angles,  where  they  affect  two  blocks, 
being  considered  errorless  for  the  second  of  the  two.  Even  with 
this  simplification,  the  procedure  is  tedious  and  demands  time. 
In  the  geodetic  triangulation  of  Great  Britain  and  Ireland,  a  triangu- 
lation consisting  of  218  points  occupied  an  average  of  eight  computer^ 
for  two  and  half  years,  and  although  the  network  in  Egypt  is  undoubt- 
edly much  less  complex  than  that  in  Great  Britain,  still  it  would 
have  required  from  three  to  six  months  for  each  of  the  eleven  blocks 
here.  The  reasons  for  pressing  the  detail  survey  at  maximum  speed 
have  already  been  mentioned,  and  need  not  be  referred  to  again  here, 
other  than  to  say  that,  with  the  exception  of  part  of  Qena,  there  has 
been  no  part  of  the  triangulation  where  a  delay  of  over  a  month  in 
the  utilization  of  the  reduced  results  of  the  triangulation  would  not 
have  delayed  the  detail  survey.  Tedious  rigid  methods  had,  therefore, 
to  be  put  aside  as  impracticable,  and  some  manner  of  rendering  the 
whole  triangulation  consistent  had  to  be  adopted,  which,  while  not 
doing  too  great  violence  to  the  observations,  would  j-ield  results  of 
a  sufficient  precision,  though  not  of  the  greatest  probability,  without 
delay.  This  condition  is  admirably  fulfilled  by  the  method  devised 
by  the  Great  Trigonometrical  Survey  of  Indiaf  to  obtain  approx- 
imate positions  in  circumstances  somewhat  similar  to  those  that 
obtained  here. 


•  Survey  Di'inirtiueut  I'Kper  No.  12.  (in  the  press). 

■j-  "Great  Trigonometrical  Survey  of  IndW  (Vol.  II,  p.  169.) 


The  corrections  thus  obtained  were  in  general  small,  in  spite  of  the 
fact  that  the  bases  at  the  two  ends  of  the  chain  were  frequently 
measured  by  different  kinds  of  base  apparatus  and  presumably,  there- 
fore, were  referred  to  different  standards. 

The  annexed  table  exhibits  the  chains  so  corrected  with  the  number 
of  triangles  in  each  and  the  correction  applied  to  each  angle : — 

(JORRECTIONS  TO  Ani;LF,S  FOR  ADJUSTMENT  FROM  BaSE  TO  BaSE. 


For  the  purpose  of  comparison,  the  chain  between  Ambir  and  Tema 
bases  was  adjusted  also  by  a  second  methpd.  The  greatest  correction 
to  an  angle  so  obtained  was  3" -62;  and  the  greatest  difference 
between  the  two  lengths  of  a  side  obtained  by  the  two  methods 
was  0-59  metre  on  a  length  of  18,126  metres. 

The  corrections  thus  obtained  are  applied  to  the  respective  angles, 
and  the  chain  of  triangles  becomes  self-consistent,  so  that  there  is 
only  one  value  for  each  side.  When  this  has  been  done,  there  remain 
in  each  quadrilateral  or  polygon  some  angles  which  have  thus  been 
rendered  inconsistent  with  those  corrected.  The  quadrilateral  or 
polygon  is  adjusted  by  the  method  explained  below  in  discussing 
the  third  order  triangulation.  In  this  way,  the  whole  block  of  triangu- 
lation  is  rendered  self-consistent,  and  the  value  of  a  side  is  independent 
of  the  path  by  which  it  has  been  computed. 

When  angles  so  corrected  afterwards  appear  in  other  chains,  they 
are  considered  errorless. 


No.  of  triangles 


Filj'um    

Addendan-Dakkil   

Dakka-Khattiira   

Kliattara-Gebelein   

Gebelein-Ainbir  

Ambir-Tema   

Tema-Roda  

Roda-Feshn   

Feshn-Seila  

Seila-Moqattam  

Moqattam-Tel  el  Kebir  ... 
Tel  el  Kebir-Ras  el  Khalig 
Waqed-Halq  el  Gamal 


0"-16 
0"-71 
0"-0.S 

0"-30 
l"-63 
0"-ll 
0"'44 
0"-27 
2" -10 
0"-10 
0"'40 
0"-50 


39 
87 
l,^ 
27 
29 
19 
16 
24 

9 
11 

6 

13 
15 


Reduction  of  Minor  Polygons. 

Centre  No.  B6 


Angles  obseuvkd. 


No. 


2 
5 
8 
11 
14 
17 


109 
61 
65 
49 
58 
36 


09 
35 
22 
03 
32 
02 


15-0 
30-2 
47-9 
09-4 
47-8 
36-2 


145 
162-4 


Correc.  \  Correc. 

\ 

for  A   for  side. 


Log.    .'^iiies.  Corr. 


16-5 
31-8 
46-2 
08-6 
48-2 
37-4 


=0"-9 


15-6 

30-;t 

45-3 
07-7 
47-3 
36-5 


'.)752 
1)442 

;)58(; 

8781 
9309 
7696 


648 
770 
055 
247 
826 
745 


4,569  291 
146 

145 


654 
760 
046 
231 
815 
719 


225 


O 

- 

1 

O  A 

34 

01 

25*8 

25*8 

747  8294 

4 

66 

16 

45-5 

45-4 

961  6665 

7 

62 

33 

47-3 

47-3 

948  1777 

10 

61 

24 

56  •  7 

56-7 

,  943  5511 

13 

57 

08 

33-7 

33-7 

924  2919 

16 

78 

34 

31-2 

31-1 

991  3085 

360 

00 

00-2 

00-0 

])iff. 


—7-3 

11-  4 
9'7 

18-3 

12-  9 
28-9 


81-2 
—7-3 

73-9 


No. 


3 
6 
9 
12 
15 
18 


ANGLES  OBSEKVED. 


I 


36 
52 
52 
69 
64 
65 


49 
07 
03 
31 
18 


16-1 
41-1 
28-1 
55*5 
37-8 
50-2 


Correc. 
for  A 


Correc. 
for  side. 


I.t>p.    Sines.  Corr. 


17-7 
42-8 
26'5 
54-7 
38-1 
51-5 


18-6 
43-7 
27-4 
55-6 
39-0 
53-4 


7776  625 

8972  917 

8968  715 

9716  778 

9548  005 

9586  106 


650 
932 
730 
785 
014 
114 


4569    146  225 


Difif. 


2«' 
16' 
16' 

7' 
10' 

9' 


88-5 
73-9 

162-4 
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Adjustment  of  the  Third  Order  Triangtdation. — The  problem  here  is 
practically  the  same  as  in  the  second  order  triangulation  ;  the  equations 
of  condition  are  the  same  in  number  and  kind ;  but  a  satisfactory 
solution  will  be  obtained  if  any  set  of  corrections  is  found  whose 
influence  on  the  plotted  positions  of  points  is  negligible,  and  it  is  not 
here  necessary  to  find  the  most  probable  set  of  corrections.  The 
method  adopted  was  the  following.  To  fix  ideas,  consider  a  polygon 
of  n  sides  and  let  the  central  error  of  closure  be  ,  the  triangular  errors 
of  closure  e^e.^  and  the  error  of  closure  of  the  side  equation  e, . 

Then,  if  X,  Y,  Z,  are  the  angles  of  any  triangle,  X  being  at  the 
centre,  and  Y  on  the  left  as  viewed  from  the  centre,  the  error  a;  in  X 

was  taken  to  be  en/n,  that  of  Y  to  be  ^  —      +  ^ ,  and  that  of  Z, 

2      2  n  [.«J 

T  —  ^  +  -f4  ,  where  s,.  is  the  tabular  difference  in  log.  sin.  Y  for 

2      2  n       [s]  •  " 

I"  difference  of  Y  and  [s]  denotes  the  sum  of  all  the  s's,  and  e\ 
will  presently  be  defined. 

It  is  evident  that  .<•,  +     +        +  .)■„  =n  <>„/«  =  e„ 


and  that  [.t,. ;/  —  = 


If  now.'.  ==e.-  TlifL—A)!  +  1^  _        =  ai,d 

it  is  clear  that  e\  is  the  error  of  closure  of  the  side  equation  that 
results  if  we  first  correct  the  base  angles  for  triangular  and  central 
errors  of  closure  and  deduce  the  error  of  closure  of  the  side  equation 
from  the  partially  corrected  angles. 

Hence,  we  have  the  following  rule :  First  correct  the  angles  at  the 
centre  by  distributing  the  central  error  of  closure.    This  adjustment 


•will  give  new  values  for  the  triangular  errors  of  closure.  Correct  the 
base  angles  by  applying  half  of  the  new  error  of  closure  in  each  triangle, 
with  reversed  sign.  This  adjustment  would  disturb  the  equation  giving 
the  error  of  closure  of  the  side.  Compute  this  new  side  error  of  closure ; 
divide  it  by  the  sum  of  the  tabular  differences  in  the  logarithmic  sines 
for  a  change  of  1"  in  the  base  angles;  and  apply  the  quotient  as  a 
correction,  additive  to  one  base  angle  and  subtractive  to  the  other. 
The  sign  is  most  easily  determined  for  each  case  by  inspection. 

As  an  example  and  for  the  sake  of  comparison,  a  hexagon  already 
reduced  by  the  rigid  method  was  re-computed  by  this  rule  with  the 
following  resulting  corrections  : 


Angles  

1 

2 

a 

4 

5 

6 

7 

8 

It 

Seconds  1>)' 
rigid  metliod 

0-0 

+  1-1 

+  2-3 

+  0-7 

+  0-7 

+  2-4 

-1-1 

-i-;{ 

+o-;5 

Seconds  bj- 
approximate 
method.  ... 

0-0 

+0-6 

+  2-5 

-0-1 

+  0-7 

+2-(; 

0-0 

-2-ti 

-0-7 

Difference  .. 

0-0 

+0-5 

-0-2 

+0-8 

0 

-0-2 

-1-4 

+  1-0 

Angles  

10 

11 

12 

i;5 

14 

1.5 

1(5 

17 

IS 

Seconds  by 
rigid  method 

-0-5 

-1-0 

+0-6 

+  0-1 

-0-1 

+  i-;i 

+  0-9 

-0-2 

+  2-1 

Seconds  by 
approximate 
method.  ... 

On) 

-1-7 

+  0-1 

0-0 

-0'.5 

+  1-2 

-0-1 

+  0-3 

+  2-2 

Difference  ... 

-0-5 

+  0-7 

+  0*.) 

+  0-1 

+  0-4 

+  0-1 

+  1-0 

-()•! 

Angles  adjusted  in  one  figure  were  considered  as  errorless  for  the 
next.    The  modification  thus  introduced  into  the  rule  is  easily  made. 


The  Figure  of  the  Earth  Used, 

In  1900  it  was  considered  that  the  spheroid  investigated  by  Clarke* 
gave  the  best  representation  of  the  mean  form  of  the  earth,  and  this, 
or  his  earlier  figure,  calculated  in  1866,  was  used  in  most  English- 
speaking  and  some  other  countries  for  geodetic  computations.  In  a 
considerable  number  of  countries,  notably  Germany,  Austria,  Italy, 
Russia  and  Denmark,  the  elements  computed  by  Bessel  in  1841  were 
still  used,  and  in  the  computations  of  the  geodetic  survey  of  South 
Africa  both  Clarke's  and  Bessel's  figures  were  made  use  of.  As  the 
result  of  this  comparison,  Sir  - D.  Gill  f  reported,  that  the  meridians 
were  better  represented  by  Clarke's  figure  and  the  parallels  by  that 
of  Bessel. 

The  experience  of  the  most  modern  surveys  seemed,  in  1900,  to  point 
to  Clarke's  as  the  better  of  the  two  spheroids,  and  accordingly  it  was 
decided  to  project  the  triangulation  on  it.  Tables  based  on  it  had 
already  been  computed  for  the  use  of  the  American  Coast  and  Geodetic 
Survey :  they  depended  on  the  value  for  the  metre  adopted  in  the 
United  States,  viz.  39-37  inches  in  place  of  39  •  3701 13  inches,  that  found 
by  the  Bureau  International  des  Poids  et  Mesures,  |  but  the  difference 
is  insignificant  and  may  be  neglected.  The  tables  were  therefore 
adopted  without  alteration,  and  were  used  for  the  first  time  in  1900 
to  compute  the  geodetic  positions  of  the  trigonometric  points  in  the 
Fayum,  In  the  meantime,  a  form  of  projection  had  been  decided  on 
(see  page 273),  and  the  formulae  for  the  co-ordinates  prepared.  No  tables 
based  on  Clarke's  figure,  however,  were  available  for  this  projection, 
and  it  became  necessary  to  utilize  the  results  of  the  Fayum  triangula- 
tion before  the  staff  had  time  to  compute  such  tables.  It  was,  therefore, 
reluctantly  decided  to  plot  the  maps  of  the  Fayum  province  on  the 
polyhedral  system,  and  to  defer  using  the  projection  till  the  triangu- 
lation of  Daqahlia  and  Qaliubia,  then  in  progress,  was  required. 
But  here  again  the  stafi  never  had  sufficient  time  to  compute  the 
tables,  and  the  case  of  the  Fayum  appeared  about  to  be  repeated, 


•  "Philosophical  Magazine,"  August,  1S7S. 

t  "Origin  anil  Progress  of  Oeodetiu  Survey  in  South  Africa,"  by  Sir  David  Uill,  K.C.B.,  F.R.S 
Report  of  the  British  Association,  1905,  p.  228. 

♦  "La  Convention  du  M^tre."    Paris,  1902,  p.  101. 
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iinlcss  Bessel's  figure,  for  which  certain  tables  existed,  was  made  use  of, 
in  place  of  the  other.  It  was  decided  to  do  so,  and  so  the  latter  was 
employed  for  the  computation  of  the  geodetic  positions,  and  the  former 
for  the  map  projection. 

In  1903,  Dr.  R.  Helmert  published  a  report  in  the  transactions  of  the 
International  Geodetic  Association  (1903,  Vol.  II,  p.  441),  in  which  he 
confirmed  the  value  for  the  equatorial  semi-diameter  found  by  Clarke, 
and  the  value  for  the  compression  found  by  Bessel,  and  this  conclusion 
has  since  been  confirmed  by  the  work  of  the  American  geodesists.* 

Helmert,  in  a  more  recent  discussion,  has  slightly  modified  liis  1903 
conclusion,  but  without  altering  the  general  result,  that  Clarke's 
equatorial  semi-diameter  and  Bessel's  compression  give  the  best  repre- 
sentation of  the  available  measurements. 


Equatorial  seini-diameter. 

Reciprocal  of  the  compression. 

Bessel  1841   

III. 

6,377,397 

299-2 

Clarke  18G6   

6,378,206 

295-0 

1880   

6,378,249 

293-5 

Helmert  1903   

6,378,035 

299-2 

American  Survey   

6,378,283 

297-8 

It  will  be  seen  from  a  comparison  of  these  figures  that  Bessel's 
semi-diameter  is  about  one  part  in  10,000  too  small  if  we  accept 
Helmert's  1903  result.    (See  also  p.  276). 


Astronomical  Positions. 

Strictly  speaking,  only  three  astronomical  latitudes  and  longitudes, 
those  of  Cairo,  Luxor,  and  Addendan,  were  employed  for  the  Cadastre, 
although  several  others  were  determined.  Thus  a  longitude  and 
several  latitudes  were  observed  in  the  Fayiim,  but  since  the  system 
of  projection  adopted  had  not  come  into  full  operation,  the  only  use  of 
the  latitude  was  as  argument  in  entering  the  tables  used  for  the 
computation  of  the  consecutive  azimuths  of  the  triangulation  lines. 
In  the  same  way,  latitudes  were  observed  at  Roda,  Tema,  Dakka  and 


*  "Comptes  rendus  de  1' Association  G4od4tique  Internationale."   Berlin,  iy08,  p.  22H. 
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otiier  places,  but  these  served  only  as  very  rough  controls  of  the  triangu- 
lation,  and  will  be  better  discussed  with  the  topographical  survey  of 
I<jgypt.*  The  positions  actually  made  use  of  for  the  operations  of  the 
triangulation  on  which  the  maps  of  the  Cadastre  were  based  were  the 
following  : — 

.  j  Abbassia,  Latitude  and  Azimuth. 

(  Moqattara  Hill,  Longitudo. 

^  I  (Temple  Obelisk),  Latitude,  Longitude. 

 I  (Point  11  of  the  triangulation).  Azimuth  of  point  811. 

Addendan  ...     (Bas6-line),  Latitude,  Longitude  and  Azimuth. 

Latitude  at  Ahhassia. — The  fundamental  latitude  adopted  is  that  of 
the  transit  instrument  at  the  old  Khedivial  Observatory  at  Abbassia, 
now  removed  to  Helwan.  The  method  employed  and  results  obtained 
have  been  fully  explained  by  Mr.  E.  B.  H.  Wade  f,  by  whom  almost 
all  of  the  astronomical  work  was  done. 

The  transit  instrument  was  used  as  a  zenith  telescope  and  the  latitude 
found  by  Talcott's  method.    The  resulting  latitude  was  : 

30°  04'  35"-83  ±  0"-15 

Latitude  at  Luxor. — When  at  Luxor  for  the  Transit  of  Venus  in  1874 
Professor  Auwers  observed  a  latitude  from  which  he  deduced  that  of 
the  obehsk  of  Luxor  Temple  as  25°  41'  58"-84.  Since,  however,  this 
was  not  the  most  convenient  site  for  a  measurement  of  azimuth,  a 
latitude  was  observed  by  Mr.  E.  B.  H.  Wade  at  station  11  of  the 
second  order  triangulation.  Two  methods  were  employed  :  (a)  by 
observation  of  meridian  zenith  distance  employing  circle  readings;  (b) 
by  observation  of  the  times  of  transit  over  a  fixed  almucantaric  circle. 
This  second  method  has  been  described  by  Mr.  Wade  %  and  will  be 
described  in  somewhat  greater  detail  in  the  report  on  Topographical 
Surveying.  In  each  method  the  probable  error  of  a  single  observation 
was  of  the  same  order,  about  0"'6,  and  so  the  different  groups  have 


*  ■■  llecent  Topographical  Surveying  in  Egj'pt,"  by  Capt.  H  G.  Lyons,  (in  the  press), 
f  "  Ueport  on  the  Meteorological  Observations  during  1900,"  Survey  Department,  Cairo,  1902, 
p.  62. 

J  'Monthly  Notices  of  the  Royal  Astronomical  Society."  11)01,  vol.  fi4,  p.  107-112. 
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been  given  weights  equal  to  the  number  of  observations  in  each. 
The  results  obtained  for  the  latitude  were : — 


By  equal  altitudes,    1903  February 

26, 

25"  44'  12" 

•0^ 

?i'eight  5 

27, 

10 

•4 

5 

28, 

11 

•0 

8 

By  meridian  zenith  distances,  „ 

24-28, 

10 

•8 

14 

The  weighted  mean  thus  gives  for  station  11  the  latitude  25°  44'10"-96 
±  0"-15. 

la'itude  at  Addendan. — Since  Addendan  was  the  furthest  south  point 
of  the  triangulation  at  which  astronomical  observations  were  likely  to  be 
taken,  it  seemed  desirable  to  make  these  as  precise  as  possible,  without 
unduly  delaying  the  work.  Accordingly,  Mr.  Wade  was  instructed  to 
measure  the  latitude  at  several  neighbouring  points,  and  then  reduce 
the  results  by  triangulation  to  one  of  them,  namely,  the  south-west 
end  of  the  base-line.  The  points  were  named  Nos.  1,  2,  3  and  4,  the 
last  being  the  south-west  end  of  the  base-line.  From  the  triangu- 
lation the  following  reductions  to  observed  latitudes,  to  deduce  the 
latitude  of  point  No.  4,  were  found  : — 

Station  1   +  48"-9 

2   +33-4 

3   —2-1 

4   0-0 

Observations  were  made  by  two  different  methods  : — 

(a)  By  measurement  of  meridional  zenith  distances  on  the  graduated 

circle  of  the  theodolite  ; 

(b)  By  the  method  of  equal  altitudes,  without  having  recourse  to  circle 

readings. 

The  former  method  was  subject  to  errors  of  graduation  of  the 
circle,  but  as  the  zenith  distances  of  pairs  of  north  and  south  stars 
were  nearly  equal,  the  residual  effect  of  these  errors  was  small.  Only 
stars  very  near  to  the  zenith  were  employed  in  this  method.  The 
second  method  is  independent  of  circle  errors. 


Collecting  the  different  results,  we  obtain  the  following  : — 
Latitude  at  Addendan. 


Zenith  distances. 


Station. 

Date. 

Latitude. 

Keductioa  to 

Deduced  latitude 

No.  4. 

of  No.  4. 

1  ... 

1903  Nov.  13  ... 

22°   1.3'    56" -5 

+  48"-9 

22°   14'  45' -4 

1  ... 

„    14  ... 

22    13    56  -9 

+  48  -9 

45  -8 

2  ... 

„      „    17  ... 

22    14    13  -4 

+  33  -4 

46  -8 

3  ... 

„      „  18... 

22    14    49  -4 

-2-1 

47  -3 

4  ... 

.,      „  21... 

22    14    46  -0 

0  '0 

46  -0 

Mean  o£  the  results  from  four  stations  =  22'    14'   46" '3. 


Eqital  altitudes. 


Station. 

Date. 

Latitude. 

Reduction  to 
No.  4. 

Deduced  latitude 
of  No.  4 

1  ... 

1903  Nov.  14  ... 

22° 

13'  57" 

•5 

+  48" '9 

22°   14'   46" -4 

2  ... 

i>      ))    15  ... 

22 

14  11 

•7 

+  33  -4 

45  'l 

3  ... 

„      „    18  ... 

22 

14  50 

•9 

-  2  '1 

48  -7 

4  ... 

)»      i>    21  ... 

22 

14  48 

•95 

0  -0 

49  -0 

„      „  24... 

22 

14  45 

•9 

0  -0 

45  -9 

Mean  o£  the  results  from  four  stations  =  22°    14'   47" '0. 


In  combining  these  results  double  weight  was  given  to  the  latitude 
by  zenith  distances,  and  as  the  general  mean  it  was  concluded  that  the 
latitude  of  Addendan,  south-west  point  of  the  base,  was  22°  14'  46"-5. 

The  probable  error  deduced  from  the  differences  between  the  deter- 
minations is  ±  0"-23. 

Longitude  near  Cairo. — For  the  purposes  of  the  cadastral  maps,  the 
longitude  is  not  required,  but  since  the  ultimate  reduction  of  the  large 
scale  maps  to  the  scales  of  1 :  10,000  and  1 :  50,000,  etc.,  for  the  topo- 
graphical maps,  was  always  kept  in  mind,  it  became  necessary  to 
incorporate  in  the  triangulation  at  least  one  point  whose  longitude 
was  known  with  sufficient  accuracy  for  the  topographical  maps.  Such 
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a  point  was  available  in  the  position  occupied  by  the  British  party 
who  visited  Egypt  to  observe  the  transit  of  Venus  in  1874.  On 
that  occasion,  the  difference  of  longitude  between  Greenwich  and 
the  transit  instrument  at  the  station  on  the  Moqattam  Hill  was 
determined  directly  by  exchange  of  telegraphic  signals,  on  November 
14,  15,  21  and  22,  1874.  A  full  account  of  the  operations  *  was 
published  by  Capt.  Orde  Browne  under  the  direction  of  Sir  George 
Airy,  so  that  only  the  result  need  be  given  here. 

Captain  Orde  Browne's  general  conclusion  is  that  the  concluded 
longitude  of  Moqattam  is  obtained  as  follows  : 

Apparent  longitude  past  oP  Greenwicli   ...     2''    ;V"  6''.o8 

Correction  for  personal  equation.^  in  giving  and  reoeiving  signals.  —  0  "09 
Correction  for  personal  equations  in  observing  transits   —     0  •2.5 

Concluded  longitude  of  Mo(iattam  east  o£  Greenwich    2"    5™  lj''2i 

There  is,  certainly,  a  probable  error  of  ±  0'-062  due  to  those  of  the 
personal  equations  in  observing  transits  and  in  receiving  signals  over 
the  submarine  cables,  and  it  is  not  unlikely  that  the  whole  error 
amounts  to  thrice  this  figure.  Sir  David  Gill,  in  the  Annals  of  the  Cape 
Observatory,  arrives  at  the  mean  error  ±  Of'OQS  and  thinks  that  the 
mean  error  of  the  combined  equations  is  certainly  not  underestimated 
at  ±  0'-35,  agreeing  in  both  cases  with  the  figures  given  above. 

Longitude,  Luxor. — For  administrative  reasons  it  was  decided  to 
survey  Upper  Egypt  from  Qena  province  northwards  and  southwards, 
and  triangulation  operations  were  commenced  there  in  1902.  Since 
there  was  no  hope  that  a  continuous  triangulation  from  Qena  to  Cairo 
could  be  completed  before  the  maps  were  wanted  by  the  field-parties, 
the  choice  of  a  subsidiary  astronomical  origin  became  necessary. 
Fortunately,  a  suitable  point  was  available  in  the  obelisk  at  Luxor, 
the  position  of  wliich  was  determined  by  Professor  A.  Auwers  in 
1874,  when  he  visited  Egypt  to  observe  the  transit  of  Venus.  His 
longitude  was  determined  by  exchange  of  telegraphic  signals  with 
Moqattam  on  Dec.  1,  4,  10  and  15,  1874 ;  and  a  full  description  of  the 
method  has  been  published  by  him.f 


*  "Observations  of  the  Trniisii  of  Venus,  lti74,  December  8,"  edited  by  Sir  GeuBOE  Biddell 
AlBY,  K.O.B.  (London,  H.M.  Stationery  Office,  1881). 

f  ••  Bcricht  iiliiT  clie  Beobachtung  des  Venus  Durchgangs,"  von  A.  Auwkrs,  lifrliii,  18. s. 
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His  general  conclusion  was  that  the  longitude  of  the  obelisk  of  Luxor 
Temple  was  2''  10"'  33''87  east  of  Greenwich,  which  was  adopted  as 
the  value  for  the  survey  of  this  part  of  the  country. 

Longitude,  Addendan.  —  In  1903,  it  became  necessary  to  execute 
another  detached  piece  of  triangulation  in  Aswan,  and  accordingly 
another  fundamental  astronomical  point  had  to  be  found.  There  was 
not  time  to  join  this  part  of  the  triangulation  to  the  point  in 
Wadi  Haifa  whose  position  had  been  determined  by  Col.  the  Hon. 
M.  G.  Talbot,  R.E.,  in  1893,  and  again  in  1897,  by  direct  telegraphic 
comparison  with  Abbassia  Observatory,  and  the  value  supplied 
by  Mr.  Wade  as  that  of  the  south-west  point  of  Addendan  base 
was  adopted.  This  longitude  depended  on  the  transport  of  a  chro- 
nometer from  Abbassia  Observatory  to  Addendan  and  back.  The 
method  is  not  very  reliable  and  the  longitude,  which  was  purely 
provisional,  was  only  utilized  from  force  of  circumstances.  The  result 
gave  :  — 

h.    m.     s.  . 

Chronometer  slow  4   01   42*7    on  Addendan  L.S.T. 

„  „  4   01    .S3 '6    on  Abbassia  „ 

Longitude  of  Addendan  :  —    —     D"!    east  of  Abbassia 
„        „  Abbassia  :     2   01     8*6      .,   „  Greenwich 

„        „  Addendan:    2    05    17* 7      „    „  „ 


As  soon  as  the  triangulation  was  joined  to  Wadi  Haifa,  it  was  found 
that  this  value  was  considerably  in  error  but  in  the  meantime  it  had 
served  its  purpose,  and  when  the  whole  triangulation  was  completed, 
the  necessary  correction  of  -f  46''0  was  made. 

Azimuth  at  Abbassia. — The  azimuth  of  the  triangulation  point  I 
on  the  Moqattam  Hill  as  seen  at  point  0  situated  on  the  Observatory, 
was  found  in  three  different  ways  : 

(1)  By  direct  observation  of  the  angle  between  Polaris  (observed  in 
daylight)  and  the  point  I. 

(2)  By  finding  the  angle  between  Polaris,  observed  near  the  meridian, 
and  a  meridian  signal,  and  that  between  the  triangulation  point  and 
the  signal.    The  determination  of  the  differences  of  azimuth  of  Polaris 
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and  the  signal  was  made  with  a  micrometer  only,  and  the  telescope 
was  reversed  after  each  pair  of  observations. 

(3)  By  observing  transits  over  the  meridian  mark  and  deducing  the 
azimuth  error  of  the  instrument  in  the  usual  manner.  It  should  be 
mentioned  that  the  azimuths  were  here  observed  not  at  point  0,  but  at 
an  eccentric  station  609-3  centimetres  south  and  106-0  centimetres  east 
of  point  0,  and  angles  were  afterwards  reduced  to  the  trigonometrical 
point. 

To  obtain  the  general  mean  each  method  was  weighted  according 
to  the  number  of  "  observations,"  the  unit  of  observation  being  the 
mean  of  four  micrometer  bisections,  or  of  three  threads  in  a  transit. 
Further,  since  the  instrument  was  mounted  in  a  much  more  stable 
position  in  the  third  method  than  in  the  other  two,  an  additional  50  per 
cent  of  weight  has  been  allowed  here.    We  have  the  following  results : 


Method. 

Azimuth. 

Probable  Error. 

Weiglit. 

1 

189°  59'  54" 

•98 

±  2" -4 

4 

2 

66 

•72 

2  -4 

9 

3 

64 

•86 

1  -0 

13-5 

Weighted  mean    190°  OC  04"-00  ±  l"-0 


If  weights  inversely  proportional  to  the  squares  of  the  probable 
errors  are  taken,  the  mean  is  found  to  be  190°  00'  03"-83. 


Azimuth  at  Luxor.  —  The  azimuth  adopted  at  Luxor  was  that  of 
station  811  of  the  third  order  triangulation  on  the  horizon  of  station 
1 1  of  the  second  order.    The  results  were  as  follows  : — 


1903  February  27  from  a  Cephei 

6      „  _ 
.,  I  Centauri 

28  a  Virginia 

„  a  Cephei 


30°  33'  22' 
25 
41 
17 
20 
22 
28 


Mean...    30"  33'  25'-0  ±  2'-0 


This  azimuth  was  adopted  and  was  used  for  the  whole  triangulation 
from  Dakka  north  to  Cairo.  Subsequent  observations  at  Luxor  and 
other  points  of  the  triangulation  seem  to  indicate  that  the  azimuth 
of  side  11-13  deduced  from  this  was  in  error  by  22",  but  this  point  does 
not  concern  the  accuracy  of  the  Cadastre  and  will  be  discussed  in 
the  report  on  the  Topogi'aphical  Survey. 

Azimuth  at  Addendan. — This  was  observed  directly  by  measuring 
the  horizontal  angle  between  Polaris  and  a  signal  placed  near  the 
north-east  end  of  the  base-line.  The  results  were  spread  over  two 
evenings  and  in  all  ten  values  of  the  azimuth  were  obtained.  The 
usual  reversals  of  the  instrument  were  made,  and  as  the  star  was 
observed  both  east  and  west  of  the  meridian,  and  close  to  it,  any 
error  in  its  declination  will  disappear. 

The  results  on  the  two  evenings  were  : — 

Azimuth  of  the  north-east  end  of  the  base  at  the  south-west  end  : 
54°  06'  42" -65    ±  l"-05 
54"  OG'  43-3     ±0  '90 

Mean    ...    54°  06'  43" "0     +  0"-7 

Computation  op  Geographical  Positions. 

The  method  used  in  carrying  computation  of  latitude,  longitude  and 
azimuth  through  the  triangulation  is  shown  in  the  example  below. 

A  strong  check  is  furnished  by  the  agreement  of  the  positions  for  a 
point  found  by  proceeding  by  two  or  more  different  routes.  It  has 
been  found  undesirable  to  compute  first  round  a  circuit,  distributing 
the  residual  error  of  computation  and  them  to  compute  inwards  to  the 
interior  points.  The  present  practice  is  to  proceed  uniformly  across 
the  country,  carrying  the  computation  along  every  observed  line. 
In  this  way  no  discrepancies  exceeding  0"*004  in  latitude  or  longitude 
or  0"*1  in  azimuth  are  found,  provided  that  the  figure  adjustment  is 
correct. 


Computation  ov  Latitudes,  Longitudes  and  Azimuths  ok  Bll  Station. 


Bll  computed  from  BIO 

—  8  'f.,  =  /  cos  a„  B  +  l"  s\n'  x^C  +  I'  cos'  a„  B'  D. 

—  6  X„  =  /  sin  a„  A'  cos  <p. 

—  8  a„  =  8  X  sin  ^  (;f  +  tp„). 


a,            BIO  to  Bll    194"   OS'  16"-;i 

S  a,     +             1    35  '9 

180°    +  J^80  

a             Bll  to  BIO    14    0!)  52-2 


!p„   30°  54' 44" -538 

8  <p,   +        10  36  -292 

cp   31   05  20  -830 


log/   

4-3055  393 

log  cos  a„  ... 

1-9866  423 

Bo   

2-5115  066 

log  1st.  term 

2-8036  882 

1st  term 

636"-338 

2nd.  and  3rd. 

t«rms  + 

0  -046 

—  8  ©0 

...    -  0° 

10'   36" -292 

+  8  <fJ2  ... 

...  + 

5    18  -146 

?o   

30 

54    44  -538 

(tp  +  tpo)/2... 

31 

00    02  -  684 

log  Co  

=    9  -  18264 

2  log/  

=    8  •  61108 

2  log  siu  a„ 

=   2  •  77567 

2  -  56939 

Nat.  number 

=  0-037 

Xo  

30°  17'  22'-778 

0  Ao   

+            ii  06  MV 

A  

.iU    21)  ijy  MJuo 

A'  

  2 -.5093  334 

log  /   

  4-3055  393 

log  sin  a„ 

  1-3878  .3.50 

sum   

  2-2027  077 

—  log  cos  f... 

  7-9326  590 

log  (-  8  X„)  = 

diff.  ...    2-2700  487 

log  sin  i  (?  + 

fo)     ...    1-7118  487 

log  —  5  a„  ... 

  1-9818  974 

—  0  ao  

  -     95" -9 

log  Do  

  =     8  -  3377 

2  log  1st.  term 

  =     5  -  6074 

3  •  9451 

Nat.  number  . . 

...    =  +     0  -  009 

Map  Projection. 


Previous  to  1900,  no  attempt  tu  draw  the  large  scale  maps  of  Egypt 
on.  any  connected  system  of  projection  had  been  made.  *  The  co- 
ordinates for  each  village  were  computed  separately,  and  the  origin 
chosen  in  such  a  way  that  the  village  could  be  arranged  more  or  less 
symmetrically  in  the  middle  of  its  own  sheets.  As  the  villages  dealt 
with  were  mostly  of  no  great  area,  their  maps  could  be  drawn  in  piano, 
and  no  other  system  of  projection  for  each  was  necessary. 

It  may  not  be  out  of  place  to  refer  here  to  the  very  great  advantage 
accruing  from  the  adoption  of  a  system  of  projection  when  there  is 
a  probability  that  the  large  scale  maps  will  be  reduced  to  smaller 
scales  for  topographical  purposes.  Owing  to  shrinkage,  which  in 
Eg}^t  is  always  considerable,  it  is  seldom  that  the  boundary  of  one 
completed  village  will  be  foimd  to  agree  with  that  of  the  neighbouring 
one,  and  much  difficulty  has  been  experienced  in  combining  maps  of 
villages  in  all  the  provinces  where  the  polyhedral  method  was  adopted 
for  the  cadastral  sheets.  It  is  doubtlessly  possible,  in  fitting  together 
piecemeal  results  of  this  sort,  to  lay  off  the  exact  position  of  certain 
points  and  then  place  the  different  villages  so  that  the  points  corres- 
ponding to  those  thus  plotted  would  come  in  their  correct  places,  but 
the  labour  involved  in  this  method  of  working  would  be  almost  pro- 
hibitive and  the  interpolation  of  the  detail  demands  a  higher  degree  of 
intelligence  and  skill  on  the  part  of  the  draughtsman  than  is  usually 
obtainable  in  Egypt. 

In  any  case,  whatever  advantage  the  polyhedral  method  may  possess 
when  the  village  is  the  unit,  as  in  the  Cadastral  Survey,  is  imme- 
diately lost  when  the  production  of  topographical  maps  is  in  question, 
for  it  is  manifestly  impossible  to  publish  such  maps  with  irregular 
boundary  Unes ;  some  system  of  drawing  straight  sheet  lines — in 
other  words,  some  system  of  projection — becomes  necessary.  This 
need,  in  the  case  of  the  topographical  maps,  was  recognized  by  making 
these  the  unit  in  the  system  of  numbering  adopted  (see  p.  280).  When 
such  a  system  of  drawing  graticules  has  been  adopted,  the  difficulties 
of  fitting  shrunken  sheets  into  their  proper  rectangles  on  the  reduced 


*  Projections  had,  of  course,  been  used  for  atlas  and  small  scale  maps;  thus  Mahmud  Piisha  el 
Falaki  used  the  Saiison-Flaiusteed  projection  for  his  map  of  the  Delta  published  in  1872. 

J8 
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scale  become  mucli  simplified  and  may  generally  be' overcome  by  a 
slight  adjustment  of  the  pantograph. 

While  it  is  always  necessary  for  topographical  maps,  a  system  of 
projection  becomes  mainly  a  matter  of  convenience  for  cadastral 
maps ;  for  the  chief  advantages  in  this  case  are  that  the  process  of 
checking  the  fit  of  common  village  boundaries  is  much  facihtated 
and  the  labour  of  printing  is  much  reduced. 

For  administrative  reasons,  it  was  necessary  to  adopt  the  village 
as  the  unit  of  survey  in  the  cadastral  work.  Accordingly,  where  parts 
of  several  villages  were  to  be  represented  on  the  same  map  sheet, 
this  sheet  had  to  be  issued  in  blank  for  each  village,  and  as  the 
sheets  were  frequently  plotted  at  long  intervals  apart,  it  was 
necessary  to  check  the  common  traverse  boundary  (and  later  the  true 
common  boundary).  With  a  projected  graticule  this  operation  is 
reduced  to  the  comparison  of  pairs  of  maps  and  thereby  gains  in  sim- 
pUcity.  Had  it  been  possible  to  discard  the  village  and  adopt  the 
map-sheet  as  the  unit  of  survey,  there  is  Httle  doubt  that  the  operations 
would  have  been  further  simplified  and  the  labour  lessened. 

Owing  to  the  issue  of  duplicate 'sheets  where  parts  of  adjoining 
villages  fell  in  the  same  rectangle,  it  was  found  that  the  effective  area 
of  each  sheet  was  about  one  half,  or  in  other  words,  that  twice  the 
theoretical  number  of  traverse  sheets  had  to  be  issued.  This  in  itself 
entailed  a  certain  amount  of  additional  labour,  chiefly  in  the  plotting 
section  of  the  computation  ofiice,  and  it  would  have  doubled  the  labour 
of  printing,  had  it  been  necessary  to  publish  the  sheets  exactly  as 
surveyed ;  but  fortunately  it  was  possible  to  print  the  complete  sheets, 
so  that  one  printing  only  of  each  was  necessary.  The  adoption  of 
a  system  of  projection  thus  demonstrably  halved  the  cost  and  time 
of  printing  at  the  expense  of  a  slight  additional  amount*  of  labour 
in  the  computation  office,  a  slight  delay  in  the  issue  of  sheets  common 
to  two  or  more  villages,  and  a  doubled  bill  for  plane-table  paper. 

As  a  concrete  example,  the  case  of  the  Fayum  may  be  quoted, 
although,  being  roughly  circular,  it  will  exhibit  less  wastage  of  sheets 
along  the  boundary  than  would  be  the  case  in  the  long  narrow  provinces 
of  Upper  Egypt.    The  maps  of  this  mudiria  were  drawn  and  printed 


*  Additional  only  when  compared  with  the  ideal  method  of  discarding  the  village  as  unit  and 
adopting  the  sheet.   The  lal)our  and  expense  were  rather  less  than  with  the  polyhedral  system. 


on  the  polyhedral  system,  and  there  were  in  all  2,263  cadastral  sheets. 
Had  they  been  printed  on  the  projection  subsequently  adopted,  there 
would  only  have  been  1,356,  a  saving  of  over  900  sheets  or  40%  in  the 
labour  of  printing,  while  at  the  same  time  the  comparison  of  common 
boundaries  would  have  been  better  done. 

In  1899  it  was  recognized  that  there  would  be  a  marked  advantage 
in  having  one  system  of  co-ordinates,  if  possible,  for  the  whole  of  Egypt. 
This  entailed  the  choice  of  a  system  of  projection,  and  the  writer, 
then  of  the  School  of  Engineering,  was  requested  to  consider  the  system 
mentioned  by  Tissot  in  his  "  Memoire  sur  la  Representation  des  Sur- 
faces" *  p.  71,  as  being  applicable  to  a  country  situated,  hke  Egypt, 
in  the  lune  between  two  meridians,  not  very  far  distant  from  one 
another. 

Tissot's  projection,  however,  contemplated  the  representation  of 
the  Nile  Valley  only,  while  it  was  recognized  that  the  needs  of  the 
Geological  Survey  and  the  general  geographical  requirements  of  Egypt 
would  soon  necessitate  a  map  of  very  much  greater  breadth.  The  writer 
investigated  the  corrective  terms  to  be  applied  to  those  given  by  Tissot, 
in  order  to  reduce  the  errors  at  the  extreme  limits  of  the  map,  which 
would  have  resulted  from  the  use  of  his  simple  expression.  Later,  it 
was  seen  that  this  process  must  result  in  giving  a  representation  of 
the  earth's  surface  identical  with  that  supplied  by  the  conformal 
representation  with  one  meridian  correctly  plotted,  investigated  by 
Gauss  about  the  year  1821f,  and  actually  used  for  the  Hanoverian 
Survey.  As  the  formulae  had  been  revised  with  all  necessary  com- 
pleteness by  General  Schreiber  of  that  survey,  it  was  decided  to  use 
them  as  published  for  the  maps  of  the  Egyptian  Survey,  with  modi- 
fications to  facilitate  computation. 

These  formulae  for  the  co-ordinates,  as  given  by  General  Schreiber,  J 
were  modified  to  the  following  forms  : 

x=  Sf-s,  +  —       Sin  2    -h  —       A  sin  2  <p 
j/=X       cos  ;p  -1-  X'       cos  s.B 


•  Turis,  Gauthier-Villars,  1881. 

•f  The  development  of  tlie  formulae  are  contained  in  a  letter  from  Ganss  to  H.  Schumacher, 
published  by  C.  A.  F.  Petebs,  Altona,  1800. 

X  Theorie  dcr  Projectionsmethode  der  Hannoverschen  Landesvermessung,  OsCAB  Scubeibkr, 
(Hannover,  lS6(i).  -~ 
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Here,  x  is  the  northwards  co-ordinate  and  y  the  eastwards  one, 
s-  the  arc  from  the  equator  to  latitude  o,  s„  the  arc  to  latitude  30°  N. 

l/W'=(l+8)/a+S  cos'  o)=l/(l-/  sin- 
A=(l-6  cos'  ?-9  5  cos^  <p-4  8«  cos'  ^)/12 
B=(cos  2-f +  S  cos*  !p)/6 
A=B-l-cos»  (p  (l  +  S^/rS  W<). 

Tables  of  W  for  Bessel's  figure  of  the  earth  are  given  by  Albrecht,* 
and  auxiliary  tables  for  A  and  B  were  constructed. 

The  convergence  of  meridian,  that  is  the  angle  between  north  and 
the  direction  of  x,  is  given  by  the  formula : 

c  =  ^^l+S  co^s      y  being  a  function  of  x  defined  by:  Sy — s^—x 

It  may  be  objected  that  there  is  an  inconsistency  in  adopting  tables 
based  on  Clarke's  spheroid  for  computing  the  astronomical  positions, 
and  then  Bessel's  elements  for  the  projection.  The  reply  is  that  this 
course  of  action  was  enforced  solely  by  the  rapidity  with  which  the 
results  had  to  be  obtained  and  made  available  for  use.  The  staff  was 
not  sufiicient  to  compute  in  time  the  tables  necessary  for  projecting 
the  maps  according  to  the  elements  given  by  Clarke. 

The  effect  of  this  inconsistency  is  to  introduce  a  slight  error  in  the 
distances  plotted  on  the  maps.  For  example,  consider  the  case  of 
two  points,  a  known  short  distance  apart  on  the  central  meridian. 

Then  we  shall  have  : 

distance  on  map  _  Length  of  1"  of  meridian  according  to  Bessel. 
distance  on  earth      Jjength  of  1"  of  meridian  according  to  (Clarke. 

This  fraction  is  less  than  unity  by  an  amount  varying  in  Egypt  from 
10  parts  to  7  parts  in  100,000.  Thus  from  this  cause  the  lengths  on 
the  maps  are  too  short ;  but  the  error  is  to  some  extent  minimized 
by  other  factors.  The  tendency  of  the  projection  is  to  increase 
lengths  as  one  recedes  from  the  central  axis,  and  in  all  probability 
the  lengths  assigned  to  the  bases  were  too  long  by  about  one  part  in 
8,800.  Thus,  the  errors  tend  to  neutralize  each  other,  and  the  residual 
inaccuracy  probably  does  not  exceed  one  part  in  20,000, 

The  characteristics  of  the  Gauss  conformal  projection  thus  adopted 
are : 

1.  Small  areas  on  the  ground  are  similarly  represented  on  the  map. 
Thus,  a  square  becomes  a  square  on  the  map,  and  a  circle  becomes 
a  circle. 

•  "Formeln  und  HtiUstafeIn  fflr  jjfengraphische  Ortshestimmungen,"  Leipzig  1891,  (p.  264). 
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2.  Distances  measured  along  the  central  meridian  are  correctly 
represented,  that  is,  without  distortion  in  length,  on  the  map, 

3.  The  eUipticity  of  the  earth  is  satisfactorily  allowed  for. 

It  is  weU  known  *  that  a  conformal  projection  is  the  best  to  use 
when  the  survey  of  a  country  is  based  on  triangulation. 

Since  the  projection  is  conformal,  the  meridians  and  parallels  cross 
at  right  angles,  and  each  map-sheet  is,  therefore,  a  trapezium  with 
curved  sides.  The  amount  of  curvature,  however,  is  so  insignificant 
that  the  curved  sides  may  be  replaced  by  straight  hnes  even  in  the 
sheets  1  :  50,000  without  sensible  departure  from  the  truth.  The 
map-sheet  thus  becomes  practically  a  rectangle,  the  extreme  difference 
between  the  length  of  the  top  side  and  that  of  the  bottom  side  never 
exceeding  0*18  millimetre  for  a  cadastral  map  sheet. 

The  disadvantage  of  this  system,  for,  of  course,  every  map  projection 
has  some  disadvantage,  is  that  distances  away  from  the  central  meri- 
dian are  slightly  distorted,  the  scale  of  the  map  becoming  larger  as 
the  eastern  or  western  boundary  is  approached.  Further,  there  is  an 
error  in  the  representation  of  areas,  but  the  error  in  scale  never  exceeds 
1  :  2,000  in  the  valley  of  the  Nile,  and,  as  far  south  as  Girga,  the  whole 
of  the  country  lies  within  the  region  where  the  distortion  is  less  than 
1  :  10,000.  As  this  is  beyond  the  degree  of  precision  attainable  in 
ordinary  theodolite  traverse,  it  follows  that  the  error  in  area  is  negli- 
gible, compared  with  the  errors  introduced  by  the  previous  field-work. 
Thus,  for  cadastral  purposes,  the  map  is  practically  an  equivalent, 
or  equal-area  one,  and  the  distortions  only  begin  to  be  sensible  in  the 
desert,  where  it  is  extremely  doubtful  whether  accurate  measurements 
of  area  will  ever  be  required. 

When,  in  the  future,  revision  of  the  maps  has  to  be  undertaken,  as 
registration  becomes  compulsory,  areas  will  doubtlessly  be  found  by 
mensuration  in  the  field,  and  all  difficulties  hitherto  experienced  as 
the  result  of  the  system  necessitated  by  the  time-limit — that  of 
measuring  areas  on  the  maps — will  disappear. 

Choice  of  Origin  —  Since  one  meridian  is  reproduced  with  fidelity, 
and  since  the  scale  changes  as  we  go  further  and  further  from  that 
meridian,  it  becomes  important  to  select  the  centre-line  of  the  map 


•  Jordan,  "Handbuch  der  Vermeasungskunde,"  Vol.  Ill,  p.  330  (Stuttgart,  1907). 


to  the  best  advantage.  This  was  done  in  the  manner  recommended 
by  Tissot.*  A  diagram  was  drawn  on  tracing  paper,  giving  roughly 
the  lines  of  equal  distortion  in  length,  and  this  diagram  was  superposed 
on  a  map  of  the  Nile  Valley  of  suitable  scale,  and  moved  about  parallel 
to  itself  until  the  whole  of  the  Valley  and  the  Delta  were  included  in 
a  strip  lying  as  symmetrically  as  possible  about  the  central  line. 
Somewhat  greater  weight  was  attached  to  the  cultivated  land  of  Lower 
Egypt  than  to  that  of  Upper  Egypt,  and  it  was  considered  that  there 
would  be  some  advantage  in  making  the  central  line  coincide  with 
a  meridian  an  exact  number  of  degrees  east  of  Greenwich ;  therefore, 
after  due  consideration,  the  meridian  of  31  degrees  east  of  Greenwich 
was  fixed  on  as  the  central  axis  of  the  map.  Theoretically,  any  point 
on  this  may  serve  as  origin,  but  there  was  a  slight  advantage  in 
selecting  the  point  of  latitude  30°. 

If  it  is  considered  that  the  origin  of  co-ordinates  is  a  fixed  point  to 
which  all  the  other  points  on  the  map  are  referred,  then  the  point 
whose  latitude  is  30"  N.  and  longitude  31°  E.  of  Greenwich  must  be 
regarded  as  in  the  nature  of  a  secondary  origin,  and  the  primary  origin 
must  be  considered  to  be  the  Transit  of  Venus  Station  on  the  Moqattam 
Hill  (see  p.  267).    The  astronomical  position  of  this  point  is  : 

9  =  30°  01'  43" -52  X.         X  =  31°  IC  33' -CO  E.  of  Greenwidi, 
and  its  co-ordinates  on  the  projection  adopted  are : 
X  =  3,214-46  metres  y  =  26,619*47  metres. 

These  numbers  may  be  considered  as  fixing  the  position  of  the 
origin  with  respect  to  the  Transit  of  Venus  Station,  after  which 
the  point  selected  (  9  =  30°  N.,  1  —  31°  E.)  may  be  used  as  point  of 
reference  for  the  whole  country. 

The  method  adopted  in  projecting  the  maps  was  the  following. 
Co-ordinates  were  computed  for  every  degree  of  longitude  and  of 
latitude  and  tabulated,  and  a  table  of  diiferences  was  then  formed  which 
enabled  the  computer  to  interpolate  the  co-ordinates  of  any  inter- 
mediate point,  and  in  this  way  the  co-ordinates  of  all  the  sheet  corners 
of  the  cadastral  maps  were  found.  The  co-ordinates  of  the  triangu- 
lation  points  were  found  by  a  separate  computation  (see  p.  279), 

It  was  decided  that  the  sheet-lines  should  be  parallels  and  meridians 
at  equal  angular  distances,  which  were  most  conveniently  fiLxed  as 
2"'4  in  latitude  and  3"  in  longitude  for  the  cadastral  sheets  on  the 


*  Op.  cit.,  p.  51. 


scale  1  :  2,500.  This  gave  sheets  varying  in  size  from  443  millimetres 
in  latitude  by  510  milUmetres  of  longitude  to  443  millimetres  by  476 
millimetres,  the  latter  lengths  being  the  dimensions  of  the  sheets 
in  the  extreme  north  on  the  Mediterranean,  and  the  former  being  those 
in  the  extreme  south  near  Wadi  Haifa.  These  sheet-dimensions 
give  a  map  of  a  size  easily  handled  in  plotting,  in  plane-table  work, 
in  drawing,  and  in  printing,  and  it  is  also  a  convenient  size  for  the 
general  public.  This  system  has  the  following  additional  advantages  : 
that  maps  on  the  smaller  scales  remain  practically  of  the  same  size 
as  the  cadastral  maps  in  the  same  part  of  the  country,  and  that,  for 
example,  sixteen  cadastral  maps  may  be  fitted  together  and  photo- 
graphed down  to  exactly  one-quarter  of  the  size  to  make  the 
topographical  maps  on  the  scale  of  1 : 10,000,  and  from  25  of  the  latter 
the  maps  on  the  scale  of  1 :  50,000  may  similarly  be  reduced. 

Computation  ok  Second  Okuer  Co-Ordinates. 
Afudiria  Sharqia,  Station  12. 

x  =  S'f  -  ^-0  +  ^  -^;.sm  2  'f  +  —  -j;psm  2  !p  A 

Latitude    30°   49'   r)4"-129  Longitude   31°   35'    28" -945 

Longitude   31    00  00 
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The  system  of  numbering  adopted  is  well  known  and  does  not 
require  lengthy  description.  The  whole  country  was  divided  into  four 
quadrants  by  the  parallel  of  30°  and  the  meridian  of  31°  east  of 
Greenwich.  The  sheets  on  the  scale  of  1 : 10,000  were  taken  as  the 
basis  and  the  position  of  a  sheet  was  denoted  by  two  numbers,  the 
first  of  which  gave  its  row  north  or  south  of  the  axis  while  the  second 
gave  its  column  to  the  east  or  west.  Each  sheet  on  the  scale  of 
1 : 10,000  was  sub-divided  into  sixteen  cadastral  map-sheets  with 
consecutive  numbering  from  one  to  sixteen. 

Computation  of  Subsidiary  Triangulation. 

Junction  of  the  Second  and  Third  Order  Tr{angidations.—Th.e  method 
of  passing  from  second  to  third  order  triangulation  is  not  generally 
explained  in  English  text-books,  so  that  the  following  brief  explana- 
tion of  the  procedure  adopted  in  this  Survey  may  interest  the  surveyor. 

At  the  time  of  occupation  of  each  second  order  point  as  a  station 
of  the  third  order,  one  second  order  line  was  always  included  in  the 
round  of  directions  observed,  so  that  the  relative  bearing  of  every 
second  or  third  oider  line  from  the  station  was  known.  Starting 
then  from  a  second  order  point,  the  shortest  path  by  the  sides  of 
the  tertiary  triangulation  to  a  neighbouring  secondary  station  was 
selected.  This  with  the  secondary  line  formed  a  closed  polygon,  and 
lines  were  so  short  that  it  was  always  possible  to  select  this  polygon 
so  that  its  spherical  excess  was  entirely  negligible. 

Let  AB  be  the  secondary  line  (see  Plate  XV,  fig.  2),  and  AcdefgB 
be  the  route  selected  by  the  tertiary  triangulation. 

Then  one  of  the  tertiary  sides,  such  as  Ac,  was  given  an  arbitrary 
length,  say  3,000  metres,  and  the  corresponding  lengths  of  cd,  de,  etc., 
were  calculated.  The  angles  between  the  successive  sides  of  the 
tertiary  polygon  and  the  line  AB  were  computed,  and  the  broken 

Hne  Ac  gB  projected  on  AB.    If  the  length  assumed  for  the 

side  Ac  was  correct,  the  projection  would  be  equal  to  AB,  but  in 
general  this  was  not  so,  and  in  that  case  the  correct  value  of  Ac  was 
found  from  the  statement : — 

The  correct  length  of  Ac  is  to  the  assumed  length  as  the  known 
length  of  AB  is  to  the  computed  projection  of  Ac  gB. 

When  the  length  of  one  side  of  the  tertiary  triangulation  had  been 
obtained,  those  of  the  others  followed,  but  as  the  third  order  work 
generally  spread  from  a  series  of  independent  foci,  the  same  method 
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had  to  be  adopted  whenever  the  results  of  the  tertiary  work  were 
required  before  the  whole  network  was  complete.  It  was  also  adopted 
from  time  to  time  to  check  the  accuracy  of  the  tertiary  computations. 

It  is  now  adopted  once  in  every  second  order  triangle  to  avoid 
excessive  distribution  of  error.  Experience  has  shown  that  the  best 
side  of  the  second  order  triangle  to  select  is  the  longest,  and  that 
where  one  side  is  much  shorter  than  the  other  two  it  should  never  be 
chosen.  A  limit*  is  laid  down  for  the  discrepancy  permissible  between 
azimuths  carried  through  the  tertiary  work  and  the  azimuth  of  the 
secondary  hne. 

Computation  of  Third  Order  Co-Ordinates. — In  the  computation  of  the 
positions  of  the  third  order  points  it  is  assumed  that  the  measurements 
are  made,  not  on  the  spheroidal  earth,  but  on  the  plane  projected  sur- 
face. The  azimuth  taken  for  the  computation  of  the  latitude  and 
departure  is  therefore  the  map  azimuth,  that  is,  the  azimuth  measured 
from  the  direction  of  x,  not  from  north.  The  difference  between  the 
map-azimuth  and  the  true  azimuth  is  the  convergence  of  meridian, 
given  by  the  formula  on  page  276. 

In  the  course  of  the  work  it  was  found  desirable  to  carry  the  com- 
putation of  latitude  and  departure  along  every  line  of  the  adjusted 
third  order  triangulation  for  the  sake  of  checking  the  computation. 
In  this  way,  starting  from  one  second  order  point  we  obtain  co-ordinates 
for  two  others.  These  co-ordinates  will  not  agree  exactly  with  those 
got  from  the  second  order  work,  the  discrepancy  being  due  in  part  to 
errors  of  observation  and  in  part  to  the  projection.  The  discrepancy 
is  distributed  by  estimation  among  the  third  order  points,  care  being 
taken  that  an  excessive  amount  of  adjustment  is  not  put  in  any  one 
Une.  Experience  has  shown  that  it  is  undesirable  to  begin  adjusting 
until  after  all  the  computation  checks  have  been  satisfied. 

Computation  of  Fourth  Order  Triangtdation. — As  the  Cadastral  Survey 
neared  completion  and  accordingly  precision  became  of  greater  import- 
ance in  comparison  with  speed,  it  was  decided  to  increase  considerably 
the  number  of  triangulation  points  to  the  square  kilometre.  This 
was  done  in  the  greater  part  of  Sharqia  and  throughout  Beheira  by 
the  introduction  of  a  fourth  order  of  triangulation,  the  positions  of 
the  fourth  order  points  being  determined  by  resection. 

*  The  limit  h  5'  X  {/ number  of  sides. 
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It  is  well  known  that  the  position  of  a  point  can  in  general  be 
determined  uniquely  by  resecting  three  known  points,  that  is,  by 
obserdng  the  angles  at  the  unknown  point  between  the  three  pairs  of 
known  points. 

A  fourth  point  was  also  resected  as  a  check  on  the  observations. 
The  method  of  computation  need  not  be  described,  since  it  is  well 
known  and  is  given  in  most  manuals  of  surveying. 

Traverse  Computation. 

As  already  explained  in  Chapter  XIV,  the  traverse  observations  of 
the  first  part  of  the  cadastral  survey  were  reduced  without  the  control 
afforded  by  triangulation.  In  the  year  1898,  however,  part  of  Gharbia 
was  being  surveyed,  and  the  hydrographio  triangulation  was  employed 
in  places  to  control  the  bearings  of  traverse  lines,  but  the  control  was 
only  partial,  and  applied  to  that  particular  feature  of  the  work  where 
errors  would  have  least  importance  on  the  areas.  There  appears  to 
have  been  no  control  of  the  chaining  operations,  which  are  the  chief 
source  of  inaccuracy  in  traverse  work. 

In  Griza,  which  was  surveyed  in  1898-9,  thifs  urther  control  was 
introduced,  and  in  the  Fayum  the  control  was  extended  by  the  intro- 
duction of  two  classes  of  specially  planned  triangulation. 

In  Qaliubia  and  Daqahlia,  control  of  the  azimuths  and,  at  a  later 
stage  of  the  work,  of  the  lengths  through  the  co-ordinates,  was  intro- 
duced, but  the  tradition  of  the  village  as  the  unit  of  traverse  as  well 
as  of  the  detail  survey  persisted  for  some  time.  There  was,  consequently 
a  tendency  on  the  part  of  computers  to  calculate  village  boundaries 
first,  and  tie  to  triangulation  points  later.  In  Girga,  the  method  of 
computing  a  direct  traverse  line  joining  each  pair  of  triangulation 
points  was  introduced,  and  such  lines  were  termed  primary  traverses. 
Those  whose  terminals  were  on  traverse  lines  and  not  at  trian- 
gulation points  were  termed  secondary.  At  present  no  distinction 
between  these  two  classes  of  lines  is  made  in  the  field  for  cadastral 
work,  but  in  town  surveys  it  has  been  found  advantageous  to  have  the 
primary  lines  observed  first  by  special  observers  with  more  elaborate 
methods,  and  then  the  secondary  lines,  and  as  a  consequence  of 
the  experience  so  acquired,  a  similar  arrangement  will  shortly  be 
introduced  into  the  cadastral  traverse. 

One  of  the  first  steps  taken  after  the  control  by  triangulation  was 
started  was  to  lay  down  definite  limits  for  the  permissible  difference 
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between  traverse  and  triangulation.  The  table  of  permissible  differ- 
ences was  based  on  the  investigation  given  by  Jordan  *  which  leads  to 
the  following  tables  of  maximum  errors  in  angle  and  in  chaining : — 


Maximum  Error  Allowable  in  the  Closure  of  the  Angular  Measurements. 


Number  of  angles 

2 

4 

6 

8 

10 

1.5 

20 

2.') 

.•50 

3.5 

40 

Error  allowable  

2'-l 

3'-0 

3'-7 

4''2 

4-7 

5'-8 

6''7 

7'-5 

8'-2 

8'-9 

9'-4 

MAxrauM  Error  in  Chaining. 


MAXIMUM  ERROR. 

Sum  of  the  sides. 

Good  ground. 

Average  ground. 

Bad  ground. 

metres. 

metres. 

metres. 

metres. 

200 

0-32 

0-39 

0-45 

400 

0-49 

0-60 

0-69 

600 

0-65 

0-79 

0-92 

800 

0-80 

0-98 

1-13 

1,000 

0-95 

1-16 

1-34 

1,500 

1-31 

1-61 

1-86 

2,000 

1-67 

2-05 

2-36 

2,500 

2-03 

2-48 

2-88 

3,000 

2-39 

2-92 

3-38 

The  first  depends  on  the  formula  for  the  maximum  error  in  angle, 
tn  =  l'-5  \/n,  where  n  is  the  number  of  angles  measured. 

And  the  second  on  the  formula,  m  —  \/a?  I  +  l\  where  x  and  ;i 
are  constants  varying  with  the  character  of  the  ground,  and  m  is  the 
maximum  permissible  error  in  a  length  I.  f 

It  will  be  observed  that  in  adopting  these  limits,  which  are  in  use 
in  European  surveys,  it  was  considered  that  Egyptian  surveyors 
working  under  proper  supervision  would  be  capable  of  turning  out 
work  up  to  European  standards.    The  result  has  entirely  justified 


•  "H.indbunh  d.sr  VerinJsauQgakuade,"  6th  edition,  Vol.  11,  pp.  75  and  439,  (Stuttgart  1904). 
t  For  further  details,  see  pp.  377-8. 
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this  opinion  formed  in  1900.  When  the  angular  control  is  based 
on  the  fact  that  the  sum  of  the  angles  of  a  polygon  must  satisfy  a 
certain  geometrical  condition,  and  on  the  modification  of  this  condition 
employed  when  the  bearings  and  lengths  of  traverse  lines  are  checked 
by  triangulation,  it  is  found  that  less  than  six  per  cent  of  the  traverse 
lines  fail  to  reach  the  standard.  This  is  satisfactory,  but  the  fact 
that  six  per  cent  do  require  re-observation  emphasizes  the  necessity 
for  careful  supervision,  without  wliich  it  is  certain  that  this  percentage 
would  be  considerably  increased  to  the  detriment  of  the  precision.  * 

From  a  discussion  of  the  discrepancies  of  chaining  in  six  hundred 
lines  selected  at  random  throughout  Egypt,  it  is  found  that  the 
probable  accidental  error  of  chaining  is  0-0032^/  I  metre,  where  I  is 
the  number  of  metres  in  the  line. 

During  the  years  1901-6  work  continued  at  extraordinarily  high 
pressure,  and  the  computation  office  was  not  the  least  sufferer  in  this 
respect.  Consequently,  there  was  little  opportunity  of  introducing 
improvements  into  the  methods.  In  1906,  however,  every  portion 
of  the  work  was  critically  examined  and  somewhat  more  stringent 
regulations  for  supervising  the  computations  were  drawn  up.  In 
particular,  rules  clearly  defining  the  amount  of  error  that  could  be 
distributed  by  the  computer  were  laid  down,  so  that  risk  of  serious 
error  through  bad  judgment  was  eliminated. 

These  rules  all  depend  on  the  principle  that  a  point  may  be  plotted 
to  0-1  of  a  millimetre  and  the  position  of  two  points  with  respect  to 
each  other  can  be  measured  to  0-2  of  a  millimetre  on  the  map,  i.e., 
0-5  of  a  metre  in  nature  when  the  scale  is  1  to  2,500.  This  critical 
examination  resulted  amongst  other  things  in  an  increase  of  the  number 
of  triangulation  points  per  square  kilometre  by  the  introduction  of  a 
fourth  order  of  triangulation  and  the  enunciation  of  a  rule  that 
practically  amounts  to  division  of  the  ground  into  half-kilometre 
squares  by  the  traverse  net-work.  The  outstanding  lessons  of  the 
traverse  computation  are  : — 

(1)  That  the  number  of  points  of  control  (triangulation  points)  must 
be  adequate ; 

(2)  The  desirability  of  a  criterion  for  rejecting  ill-braced  traverse; 

*  The  failure  to  reach  the  standard  18  ia  nearly  all  cases  due  to  gross  errors,  not  to  the  itccumu- 
lation  of  a  number  of  small  errors  owing  to  want  of  adequate  care. 


(3)  The  necessity  for  an  adequate  number  of  traverse  points.  Tliis 
rule  depends  altogether  on  the  interpretation  to  be  placed  on  the 
word  "  adequate."  Adopting  the  above  definition  of  the  precision 
with  which  lines  may  be  measured,  we  have  arrived  at  the  somewhat 
empirical  rule  that  the  traverse  route  {I)  between  two  points  should  not 
exceed  four  times  the  shortest  distance  (s)  between  them  plus  500 
metres  or  in  symbols : — 

/>4  s  +500 

(4)  The  necessity  for  placing  limits  to  the  amount  of  adjustment 
permissible.  These  limits  may  be  extended  according  to  the  accuracy 
demanded,  but  in  any  case  they  should  not  be  omitted,  and  this  is  the 
more  urgent,  the  less  skilled  the  class  from  which  computers  are  drawn. 

The  actual  procedure  in  traverse  at  present  will  be  described  below. 
It  is  the  outcome  of  some  ten  years  of  experience,  and  is  found  to  give 
satisfactory  results  in  Kgypt,  however  details  might  have  to  be  modified 
in  other  countries  with  different  staffs  and  different  geographical 
conditions. 

The  traverse  section  is  now  organized  in  nine  sub-sections  as  follows  : 

(1)  Clerical  sub-section ; 

(2)  Checkers  of  field-books  ; 

(3)  Checkers  of  the  closure  of  polygons  ; 

(4)  Copyists ; 

(5)  Computers  of  azimuths; 

(6)  Multipliers  ; 

(7)  Checkers  of  multipUcation  ; 

(8)  Computers  of  general  co-ordinates  ; 

(9)  Computers  of  map-sheet  (local)  co-ordinates. 

1.  — It  is  foimd  convenient  and  really  economical  to  have  a  special 
clerical  sub-section  for  this  branch  of  the  office,  whose  duties  consist 
in  receiving  field  records,  keeping  them  till  actually  wanted,  and  in 
keeping  tally  of  their  movements  until  they  are  no  longer  required 
in  the  office,  when  they  may  be  sent  to  the  general  store  of  documents. 

2.  — On  being  received  for  computation,  the  field-books  are  at  once 
examined  to  see  that  all  means  have  been  accurately  calculated  and 
written  in  ink,  that  all  alterations  have  been  duly  initialled  and  that 
there  are  no  doubtful  figures  likely  to  lead  to  delay  at  a  later  stage. 
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3.  — As  soon  as  possible,  while  the  traversers  are  still  in  the  neigh- 
bourhood of  a  village,  the  interior  angles  of  all  its  traverse  polygons 
are  added  and  compared  with  the  theoretical  sam,  viz.,  the  excess  of 
twice  as  many  right  angles  as  the  figure  has  sides  over  four  right 
angles.  It  is  at  this  stage  that  the  sketch  (see  Plate  XVI)  is  found 
useful.  Should  inspection  show  that  the  angular  observations  in  any 
line  are  not  of  sufficient  precision  to  satisfy  the  table  on  page  283,  a 
re-traverse  of  the  angles  of  the  line  is  requested.  When  all  the  polygons 
close  with  sufficient  precision,  the  field-books  and  sketches  are  passed 
to  the  next  section. 

4.  — Here  the  means  of  the  field  observations  are  entered  on  the 
computing  forms  (see  specimen  below,  columns  1,  2,  3).  It  is  of  some 
importance  to  have  a  special  section  for  this  work,  since  the  routes  to 
be  followed  are  by  no  means  matters  of  indifierence.  The  computers 
first  select  main  traverse  fines  from  one  triangulation  point  by 
the  shortest  route  to  an  adjoining  one,  then  subdivide  the  rough 
triangles  thus  obtained  by  secondary  traverse  fines,  endeavouring  so 
to  arrange  the  work  that  short  tie  lines  are  not  left  over  to  the  end. 

5.  — The  chief  of  the  traverse  section  is  suppfied  with  lists  giving 
the  azimuths  of  all  lines  of  the  triangulation,  and  the  co-ordinates  of  all 
points.  At  the  head  of  the  column,  the  azimuth  of  the  line  observed 
by  the  traverser  is  entered.  Then  addition  of  the  interior  angle  ±  180° 
gives  the  bearing  of  the  traverse  fine  as  seen  at  the  second  station,  and 
the  same  procedure  is  followed  along  the  traverse  to  its  end.  If  the 
fine  has  passed  the  third  sub-section,  the  closing  azimuth  will  in 
general  agree  well  enough  with  that  of  the  triangulation  line  observed 
at  the  end,  but  new  inadmissible  angular  errors  may  be  revealed.  No 
error  exceeding  that  laid  down  in  the  table  on  page  283  maybe  exceeded. 
If  the  errors  are  admissible  they  are  distributed  equally  among  all  the 
angles.  The  distribution  of  errors  in  the  specimen  given  is  shown 
by  the  small  figures  in  column  3. 

6.  — We  have  now  the  observed  lengths  (S)  and  the  azimuth  (x) 
with  respect  to  the  oj-axis  of  the  co-ordinate  system,  and  we  want 
the  products  S  cos  %  =  and  S  sin  %  =  ^y.  These  are  worked  out  with 
the  help  of  Jordan's  Opus  Palatinum,  a  table  of  sines  and  cosines  for 
every  10",  admitting  of  direct  use  without  interpolation,  and  the 
actual  multiplication  is  performed  on  the  Bninsviga  machine.  The 
computers  have  mechanical  rules  for  arriving  at  the  signs  of  the  incre- 
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ments,  and  the  positive  and  negative  increments  are  entered  in  separate 
columns. 

(7)  . — The  multiplications  are  then  checked  by  independent  com- 
puters, using  traverse  tables  in  place  of  the  sine  and  cosine  tables. 

(8)  . — The  algebraic  sum  of  the  positive  and  negative  increments  of 
X  and  y  should  be  equal  to  the  corresponding  increments  between  the 
two  terminal  points  of  the  line.  The  differences  are  considered  to 
be  due  to  the  hne  under  computation  alone,  and  if  the  closing  error, 
defined  to  be  the  actual  distance  between  the  terminal  point  as  already 
determined  and  its  position  given  by  the  traverse  line,  does  not  exceed 
the  Hmits  of  permissible  error  laid  down  in  the  second  table  on  page  283, 
the  errors  are  distributed.  This  is  done  by  allotting  to  each  product 
an  apportionment  of  the  correction  proportional  to  its  length.  These 
corrections  are  printed  in  small  figures  in  columns  6,  7,  8  and  9.  If 
the  error  is  too  great,  an  examination  is  made  to  ascertain  that  this  is 
not  due  to  faulty  distribution  of  previous  traverse  lines,  and  if  not,  the 
line  is  sent  for  re-traverse,  with  an  indication  of  the  probable  position 
of  the  error,  where  this  can  be  deduced.  It  may  be  mentioned  that 
alterations  in  field-books,  even  where  highly  probable,  are  strictly 
forbidden. 

When  the  corrections  have  been  apportioned,  the  co-ordinates  of 
each  point  are  found  by  adding  algebraically  the  increments  to  those 
of  the  preceding  point. 

(9)  . — The  co-ordinates  thus  computed  are  then  prepared  for  plotting 
by  transferring  the  origin  to  the  south-west  comer  of  the  sheet  on  which 
the  respective  points  will  fall. 

Lists  giving  the  general  co-ordinates  of  all  the  corners  of  sheets  that 
fall  on  one  sheet  on  the  scale  of  1  to  10,000  are  supplied,  the  calculation 
having  been  made  by  interpolation  from  co-ordinates  computed  for 
the  corners  of  sheets  on  the  scale  of  1  to  50,000.  It  is  thus  easy  to  see 
by  inspection  within  what  sheet  a  given  point  will  fall.  The  sheet 
co-ordinates  (including  those  of  the  sheet-corners),  together  with  the 
number  of  the  sheet  on  which  each-point  falls,  are  then  entered  in  Usts 
which  are  supplied  to  the  plotting  section  of  the  office,  where  the  points 
are  plotted  on  the  blank  plane-table  sheets,  for  use  in  the  detail  survey. 


Traverse  Computation. 


AVBESE  No.  (C.)  Province  Beheira  —  Distinct  Delingat. 


Point. 

Mejisured 
Distances 
S 

Ang  of  Direction  a. 
Ang.  of  Polygon  p. 
Correction. 

S  Cos.  a. 
Correction. 

S  Sin.  a. 
Correction. 

Corrected. 
± 

y  Corrected. 

Names  of  Villages. 

+ 

+ 

On  Left. 

On  Right. 

o 

t 

Metres. 

Metres. 

Metres. 

Metres. 

± 

Metres. 

Metres. 

87 

.  88 

345 
91 

36 
10 

29 

66 
9 

+ 

98,297-32 

— 

47,589-24 

Line  No.  15 

!.  in  Zorafa 

89 

78-74 

356 
124 

47 

58 

16 

45 

9 

18-00 
—  8 

76-66 
—  s 

+ 

98,279-40 

- 

47,665-85 

rt 
3 

121 

ci 
i-i 

d 

03 
C 

'« 
a 

0; 

*o 

u. 

cc 

90 

76-44 

201 
145 

45 

35 

52 

19 

10 

70-99 

—  8 

2S-35 

—  5 

+ 

98,208-49 

- 

47,694-15 

91 

67-8.5 

167 
162 

21 

40 

01 

26 
10 

66-20 
—  8 

14-86 

+  6 

+ 

98,142-37 

- 

47,679-24 

92 

70-73 

150 
155 

01 

39 

17 

19 
10 

61-27 
—  8 

35-34 
+  5 

+ 

98,081-18 

47,643-85 

80 
87 

ISO -24 

125 

033 

40 
03 

26 

07 
10 

110-35 
—  18 

153-73 
+  10 

+ 

97,971-01 

47,490-03 

Line  No.  12 

.  in  2k>rafa 

Total 

483-00 

33.S 

43 

23 

32li-Sl 

203-93 

10.") -01 

326-31 

9!) -22 

1 

105-01 


098-92 

The  permissible  error  is  0-68 

Differences     0-.50  0-.30 
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Plotting  the  Map-Sheets. 

The  Co-Ordinatogmph. — It  is  hardly  too  mucli  to  say  that  the 
whole  system  would  have  failed,  and  something  less  accurate  or 
much  more  expensive  would  have  had  to  be  substituted,  if  there 
had  not  been  available  an  instrument  by  which  the  points  fixed  by 
the  network  of  traverse  could  be  plotted  on  the  field-sheets  rapidly  and 
without  loss  of  precision.   This  instrument  is  the  co-ordinatograph, 
designed  and  constructed  by  the  firm  of  Coradi  of  Ziirich.    It  consists 
essentially  of  a  scale  carried  on  a  bracket  which  is  perpendicular  to, 
but  movable  along  another  fixed  scale.    The  steel  beam  carrying  • 
this  second  scale  is  clamped  rigidly  to  the  drawing-board  on  which  the 
map  paper  is  pinned  (see  fig.  16).    The  mobility  of  the  bracket  is 
secured  by  mounting  it  on  three  wheels,  one  of  which  (R)  rolls  on 
the  drawing-board  or  on  a  special  guide-rail  B,  laid  on  the  paper, 
according  to  the  pattern  of  the  instrument.    The  other  two  r,  r,  are 
bevelled  and  run  in  a  slot  cut  parallel  to  the  scale  on  the  beam  A. 
The  axles  of  the  bevelled  wheels  are  coned  and  rest  in  conical 
bearings  in  the  ends  of  antagonizing  screws,  to  admit  of  slight 
adjustment  in  the  line  of  the  axle.    The  object  of  this  adjustment  is 
that  the  scale  on  the  moving  bracket  may  be  set  accurately  perpen- 
dicular to  that  on  the  fixed  beam.    On  the  moving  bracket  runs  a 
carriage  borne  on  two  bevelled  wheels  that  run  in  a  slot  in  the  bracket, 
and  a  third  running  freely  on  the  rear  rail  of  the  bracket.    In  this 
way,  every  point  rigidly  attached  to  the  bracket  has  only  one  degree 
of  freedom,  viz.,  parallel  to  the  scale  on  A,  and  every  point  rigidly 
attached  to  the  carriage  has  only  one  degree  of  freedom  relative  to 
the  bracket,  viz.,  parallel  to  the  scale  on  the  bracket.    Thus  if  the 
carriage  is  free  it  has  two  degrees  of  freedom,  viz.,  movement  in  two 
perpendicular  lines  parallel  to  the  plane  of  the  paper. 


lu 
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The  framework  of  the  bracket  carries  a  clamp  m,  by  which  it  may 
be  rigidly  attached  to  the  beam  A,  and  similarly  the  carriage  may 
be  fixed  by  a  clamp,  not  shown  in  fig.  16,  bnt  aa  m'  in  fig.  17. 
The  edges  of  the  scales  are  bevelled  at  an  angle  of  about  45°,  and  the 
bevelled  edge  is  cut  into  a  fine  rack,  with  40  teeth  to  the  centimetre. 
A  corresponding  pinion  wheel  engages  in  the  teeth,  and  has  on  the 
same  axis  a  graduated  wheel  measuring  fractions  of  a  revolution  of 
the  pinion.  Attached  to  the  framework  is  a  pointer  which  indicates 
on  the  scale  engraved  on  the  beam  or  bracket  respectively  the  larger 
divisions,  but  to  provide  for  change  of  origin,  the  numerical  values 
of  these  divisions  are  not  engraved  on  the  scale,  but  are  printed  on 
a  linen  tape  movable  parallel  to  the  scale  by  rolling  and  unrolling 
on  two  small  drums  C,  C,  C,  C.  The  larger  divisions  of  the  measurement 
are  thus  indicated  on  the  beam  or  bracket  scale  and  the  smaller  ones 
on  the  vernier  wheel.  A  means  of  fine  adjustment  is  provided  in  the 
slow  motion  screw  (m,  fig.  18)  on  the  clamp.  The  carriage  has  three 
sockets  (u,  u,  u,  fig.  18),  fixed  perpendicular  to  the  plane  of  the  paper, 
in  which  may  be  dropped  plotting  needles  (I,  III,  fig.  18),  or  a  drawing 
pen  (II,  fig.  18).  The  handles  of  the  needles  or  the  pens  are  tiirned 
and  polished  so  as  to  fit  truly  in  the  sockets  without  lateral  play. 
The  needle  point  is  kept  off  the  paper  by  a  spring,  and  may  be 
protected  from  breakage,  when  not  in  use,  by  a  cap  (h,  fig.  18).  A 
slight  pressure  with  the  finger  on  the  top  of  the  needle  (I),  will 
impress  a  fine  puncture  in  the  paper,  to  represent  the  point  plotted. 
The  distance  between  the  sockets  I  and  II  corresponds  to  a  change 
of  origin  of  20  centimetres,  and  III  corresponds  to  a  double  change 
of  origin  of  10  and  20  centimetres  respectively. 

The  circumference  of  the  pinion  wheel  is  one  centimetre  divided 
into  40  teeth.  Thus,  one  revolution  of  the  wheel  corresponds  to 
a  lateral  movement  of  one  centimetre  in  the  frame.  If  now  the 
engraved  divisions  are  not  10,  but  4  millimetres  apart,  and  if  we 
so  number  the  tape  divisions  and  the  vernier  wheel  subdivisions 
that  each  division  is  called  10,  then  we  may  plot  metres  directly  on  to 
the  paper  on  the  scale  of  1 : 2,500  without  arithmetical  reduction. 
For  1  division  =  4  millimetres. 

=  1  /  2,500  of  10  metres, 
and  the  subdivisions  are  also  numbered  accordingly.    It  is  estimated 
that  in  this  way  the  instrument  has  saved  aniuially  the  expense  of 
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at  least  one  computer,  who  would  otherwise  have  had  to  be  engaged 
to  reduce  co-ordinates  from  metres  to  the  scale  of  1  :  2,500. 

There  is  a  further  great  advantage  in  the  fact  that  it  is  not  necessary 
to  transform  the  co-ordinates  from  the  general  axes  of  the  system  to 
the  axes  formed  by  the  sheet  lines.  All  that  is  necessary  is  to  cal- 
culate the  co-ordinates  of  sheet-corners  on  the  same  projection,  and 
transform  all  the  co-ordinates  of  points  plotted  on  that  sheet,  to  an 
origin  in  the  south-west  corner  of  the  sheet.  The  sheet-lines  are  then 
drawn  in  by  hand,  instead  of  by  the  instrument. 


Ill 


F'ig.  19. 

Co-ordinatograph ;  general  view. 
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By  a  simple  arrangement,  the  two  pinions*  and  two  graduated  wheels 
are  carried  on  the  same  axle,  so  that  two  scales  may  be  utilized  on 
the  same  instrument.  The  corresponding  large  divisions  are  engraved 
on  different  parts  of  the  beam  and  bracket,  at  about  one  centimetre 
apart,  and  the  linen  tape  has  the  numbers  corresponding  to  the  two 
different  scales  on  its  right  and  left  halves  respectively,  so  that  it  has 
to  be  re-wound  at  each  change  of  scale.  It  is  impossible,  from  lack 
of  space,  to  describe  the  various  refinements  introduced,  and  further 
information,  if  desired,  should  be  sought  in  the  maker's  pamphlet 
descriptive  of  the  instrument. 

Practically  the  only  adjustment  that  is  likely  to  get  out  of  order  is 
that  of  perpendicularity  between  the  scale  on  the  bracket  and  that 
on  the  beam.  The  instruments  at  Giza  are  tested  at  the  commence- 
ment of  work  every  week,  usually  by  plotting  a  square  of  about 
50  centimetres  side,  and  measuring  the  diagonals. 

If  the  figure  is  a  rhomboid  of  side  a,  and  diagonals  and  d.^,  then 
it  is  easily  seen  that  the  error  from  perpendicularity,  s,  is  given  by 
the  equation : 

_      e         dj  —  dj 

It  is,  in  this  way,  easy  to  adjust  the  instrument  so  that  s  is  under 
60"  in  which  case  d^ — d.^  will  be  less  than  0-2  miUimetre. 

So  useful  was  the  instrument  found,  that  in  1902  a  second  one  was 
ordered,  and  in  1905  a  third,  which  served  rather  as  reserve  in  case 
either  of  the  others  became  unavailable.  On  receipt  of  the  third 
the  first  was  returned  to  the  maker  for  a  general  overhaul.  On  its 
return,  some  trouble  was  experienced  with  it,  as  it  did  not  appear  to  be 
plotting  correctly,  and  the  fault  was  traced  to  a  slight  vertical  flexure 
of  the  bracket,  which  it  had  doubtless  received  in  transport.  This 
fact  emphasized  the  necessity  for  checking  lengths  plotted  by  the 
instrument  more  frequently  than  was  done  up  to  then;  accordingly 
the  adjustment  is  now  checked  every  week  by  plotting  points  at 
intervals  of  10  centimetres  in  the  two  fundamental  directions  and 
checking  them  with  a  steel  scale  which  has  been  carefully  standard- 


*  111  some  iastrumeuts  there  is  ouly  one  pinion. 
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ized  at  Helwan  Observatory.  Since  each  instrument  may  have  two 
scales,  those  in  use  here  have  the  following  scales  in  pairs : 

1 : 1,000  for  ^^eneral  plotting  ; 

1  :  2,500  for  plotting  cadastral  maps  ; 

1  :   800)  for  plotting  town  maps  and  some  topographical  maps  for  snb- 
or     >  sequent  pliotograpliic  reduction  to  tiie  scales  of  1  :  1,000  or 
I  :  8,000U  :  10,000. 

It  is  of  course  clear  that  a  mere  change  of  the  decimal  point  of  the 
co-ordinates  will  admit  of  the  instrument  being  used  for  any  scale 
which  is  a  multiple  or  sub-multiple  by  a  power  of  10  of  the  principal 
scale. 

The  method  of  using  the  instrument  for  cadastral  purposes  is  as 
follows.  The  traverse  section  prepares  lists  giving  the  co-ordinates 
of  the  four  sheet-corners,  and  each  traverse  point  in  the  sheet  or  just 
outside  the  boundary.  Using  these  co-ordinates,  the  plotting  section 
plots  the  sheet-corners  and  all  the  traverse  points,  surrounding  each 
with  a  faint  circle  in  pencil,  and  writing  against  each  the  corre- 
sponding number  of  the  point. 

As  soon  as  the  sheet  is  finished,  it  is  removed  and  the  dimensions 
are  checked  before  it  has  time  to  shrink.  A  copy  is  then  plotted  on 
tracing-paper  and  the  field-sheet  checked  by  it,  so  that  errors  of  plotting 
may  be  detected.*  This  done,  the  sheet-lines  are  drawn  in  black  ink 
and  the  traverse  lines  in  blue  ink,  after  the  lengths  of  the  latter  have 
been  checked  against  the  original  chained  lengths.  This  is  the  final 
check  on  the  computation  and  few  significant  errors  can  escape  detec- 
tion in  this  way.  There  is,  however,  one  special  class  of  error  that 
cannot  be  detected  in  this  final  measurement,  namely,  errors  amounting 
to  a  small  displacement  of  a  point  of  a  line  that  runs  either  north  and 
south,  or  east  and  west,  in  a  direction  perpendicular  to  the  general 
length  of  the  Hne.  The  accuracy  of  such  lines  can  only  be  assured 
by  special  care  in  computing  and  plotting  them,  and  by  checking  by 
tie-lines  in  the  field. 

As  regards  the  rate  of  work,  it  has  been  found  possible  for  four  men 
working  two  instruments,  to  plot  twice  over  as  many  as  600  points  in 
a  day  of  seven  and  a  half  working  hours,  or  at  the  rate  of  80  points  an 


*  It  is  now  found  that  a  satisfactory  and  more  rapid  check  is  obtained  by  plotting  every  point 
twice  before  removing  the  paper  from  the  co-ordinatogniph. 
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hour,  and  this  rate  has  been  maintained  for  several  weeks  at  a  time 
under  the  pressure  of  urgency,  but  in  'general  the  rate  does  not  exceed 
half  this. 

Shrinkage.  —  Much  difficulty  has  been  experienced  in  dealing  with 
the  alteration  of  the  map-sheiits  under  the  varying  meteorological 
conditions  to  which  they  have  been  subjected.  Paper  is  a  highly 
hygroscopic  substance ;  and  in  damp  weather  it  absorbs  moisture 
from  the  air  and  expands,  and  gives  it  up  in  dry  weather  with  con- 
seciuent  contraction.  After  the  process  of  manufacture,  paper  is 
generally  packed  with  a  certain  excess  of  moisture  which  its  con- 
finement in  bales  prevents  from  evaporating.  It  is  then  in  so  damp 
;i  condition  that  its  use  immediately  is  almost  impracticable,  and  it  is 
much  improved  by  being  dried  in  open  frames  in  the  open  air.  This 
practice  has  now  been  followed  for  the  past  six  years,  since,  that  is, 
work  in  the  dry  climate  of  Upper  Egypt  compelled  attention  to  this 
point.  The  effect,  to  judge  from  the  diurnal  behaviour  of  a  measured 
sheet,  depends  on  the  relative  and  not  the  absolute  humidity,  for  a 
sheet  plotted  in  the  morning  when  the  air  is  relatively  damp  will  be 
found  shorter  in  the  dry  afternoon,  to  return  to  its  original  size  on  the 
following  morning.  There  is  also  an  annual  effect  of  the  same  kind, 
the  sheets  being  shorter  in  summer  and  longer  in  winter  ;  and  super- 
posed on  this  there  is  a  slow  secular  shrinkage  which  is  rapid  at  first, 
but  much  slower  afterwards.  Consequently,  it  is  advisable  to  dry 
the  paper  during  a  period  of  about  three  weeks  at  least  and  as 
much  longer  as  may  be  possible.  It  has  been  found  that  the  paper 
shrinks  more  in  length  than  in  breadth. 

In  spite  of  this  precaution,  however,  it  is  almost  impossible  to 
dry  paper  so  thoroughly  at  Giza  that  it  will  not  afterwards  shrink 
when  exposed  to  the  full  strength  of  solar  radiation  under  field  con- 
ditions. Many  attempts  have  been  made  to  get  rid  of  this  tendency 
altogether ;  various  kinds  of  paper,  some  specially  submitted  as  quite 
unshrinkable  by  firms  anxious  to  be  allowed  to  tender  for  the  supply, 
and  others  subjected  to  special  treatment  in  the  way  of  artificial 
drying,  have  been  tried,  but  hitherto  without  entire  success.  It  would 
satisfy  a  great  want  to  be  able  to  procure  a  paper  that  could  be  relied 
upon  not  to  alter  to  an  appreciable  extent,  for  not  only  does  it  cause 
trouble  in  checking  lines,  which  may  have  been  correct  when  first 
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plotted,  but  it  leads  to  delay  in  adjusting  the  continuation  of  details 
from  one  sheet  to  an  adjoining  one,  which  may  have  been  plotted  at 
a  different  time  and  have  shrunk  differently ;  in  distributing  error 
of  shrinkage  among  the  different  pieces  of  a  line  the  total  length  of 
which  is  known ;  and  in  finding  areas  from  measurements  made  on 
the  map.    Some  of  these  difficulties  recur  when  the  inaps  have  to  be 
autographed  for  printing,  especially  when,  as  frequently  happens, 
the  part  of  a  sheet  belonging  to  one  village  has  to  be  completed  by 
drawing  in  the  part  belonging  to  another,which  may  have  been  surveyed 
on  a  sheet  where  the  shrinkage  is  different.    These  difficulties  are 
overcome  by  distributing  divergences  of  length  obtained  by  direct 
chaining  from  those  measured  on  the  map  in  each  traverse  polygon, 
so  that  there  is  no  danger  of  accumulated  error  being  carried  forward 
in  this  way.    In  autographing  the  maps,  the  field-sheets  are  brought, 
as  nearly  as  possible,  to  their  original  dimensions  by  sUght  damping, 
and  much  of  the  difficulty  is  thus  disposed  of. 

It  remains  to  describe  the  method  adopted  to  allow  for  the  shrinkage, 
in  computing  areas  graphically  from  the  maps.    This  was  based  on 
the  facts  that  the  sheets  are  nearly  square,  and  the  shrinkage  is  usually 
under  6  or  8  miUimetres  on  a  sheet  of  about  440  miUimetres  length. 
Since  the  sheets  are  nearly  square,  shrinkage  in  length  produces  the 
same  eiSect  in  altering  areas  as  that  in  breadth,  and  the  total  effect 
may  be  found  by  adding  together  the  shrinkage  in  each  direction. 
The  effect  on  areas  of  different  sizes  was  computed  and  tabulated,  and 
was  applied  as  an  additive  correction  when  the  sheet  had  shrunk  and 
a  subtractive  correction  in  the  very  rare  cases  where  the  sheets  had 
expanded.    In  practice,  a  value  as  high  as  8  millimetres  has  been 
found  for  the  combined  shrinkage  in  length  and  breadth  and  this  gives 
corrections  of  470  or  over  2  per  cent.,  a  quantity  that  is  far  from 
neghgible.    The  average  total  shrinkage  was  about  half  of  this,  giving 
corrections  of  about  1  per  cent.    The  utility  of  the  method  and  the 
necessity  for  applying  some  correction  were  thus  manifest. 

Measurement  op  Areas. 

All  areas  were  measured  on  the  maps  and  controlled  by  computed 
areas  of  villages.    The  procedure  was  as  follows  : 

First  each  plot  was  measured  with  the  computing  scale ;  the  sum 
of  all  the  plots  in  a  hod  was  next  compared  with  the  area  of  the  hod 
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as  found  by  planimeter  ;  finally,  the  sum  of  the  areas  of  the  hods  in  a 
village  was  compared  with  the  village  area  calculated  from  the  traverse 
.  boundary  of  the  village.*  At  each  step,  limits  of  differences,  whether 
between  the  area  then  found  and  the  sum  of  the  areas  found  in  the 
previous  step,  or  between  the  first  and  second  measurements  of  the 
area  in  that  step,  were  laid  down.  It  will  be  convenient  to  give  a  more 
detailed  account  of  each  step  in  reverse  order. 

The  area  within  the  traverse  polygon  that  followed  the  village 
boundary  as  closely  as  possible,  was  computed  as  follows  : — 


If  a;,,,  a;„  +  i,  ^,,  +  1  are  the  co-ordinates  of  two  points  P„  and  P„  +  i 
and  if  M„  and  M„  + 1  are  the  feet  of  the  perpendiculars  on  the  axis  of  x, 

then  the  area  M„  P„  P„  +  i  M„  +  .  is  M„  M„  +  i  X 


2 


or  analyticaUy  (x,, +i  -  a;„)  •^^^^    (1) 


2 


Similarly,  the  area  of  the  next  piece  will  be — 


yn+l+2/n+J 


and  so  on. 

So  long  as  one  point  is  to  the  north  of  that  which  preceeds  it, 
'''ii+i — 'wiU  positive;  but  when  the  traverse  point  at 
the  extreme  north  of  the  village  boundary  is  passed,  a;„  +  i  will 
become  less  than  x,,  and  the  difference  will  become  negative,  so 
that  this  element  of  area  becomes  subtractive.  If,  then,  one  begins 
at  the  extreme  south  point  and  proceeds  by  east  to  the  north  point 
of  the  boundary,  it  is  clear  that  the  sum  of  the  elements  of  area  will 
be  positive,  but  that  when  the  north  point  is  passed,  the  sum  of  the 
elements  of  area  between  the  western  boundary,  the  extreme  ordinates 
and  the  axis  of  x  will  be  subtractive.  But  if  this  area  is  subtracted 
from  that  between  the  eastern  boundarj'',  the  extreme  ordinates  and 
the  axis  of  x,  the  result  is  the  area  inside  the  traverse  boundary. 
Thus,  by  forming  all  the  products  similar  to  (1)  for  successive  pairs  of 
points,  and  summing  them  roimd  the  circuit  of  the  village  boundary, 
we  have  the  area  inside  that  boundary. 


*  The  average  area  of  a  plot  was  about  2'5  feddans  and  of  a  hod  about  80  to  100  feddans, 
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Expressed  analytically : 

2  A  =  S  [(,,•„+,  -  x„)  (//„+,  +  y,,)]    (2) 

This  formula  may  be  written — 

2  A  =  i:  A  ,(•„  (//„+,  +  //„) 
and  since  ?/„  will  occur  twice,  once  in  the  element  A  x„_,  (?/„  +  ?/„+i 
and  once  as  above,  we  may  write  the  formula  in  the  form — 

2A=  i://n(A.r„  +  A.c„-,)    (3) 

In  exactly  the  same  way  we  may  find  the  alternative  formula — 

2  A  =  S  x„  (A  y,,  +  A  //„+,)    (4) 

Both  of  these  formulae  have  been  used  to  compute  the  area,  so  that 
the  one  serves  as  a  complete  check  on  the  accuracy  of  the  work  by 
the  other.    The  computing  form  was  arranged  as  is  shown  below. 

It  should  be  noticed  that  any  line  parallel  to  the  x-axis  may  replace 
the  latter,  and  any  parallel  to  the  i/-axis  may  replace  it,  without 
affecting  the  area,  so  that  by  subtracting  suitable  numbers  from  both 
X  and  y,  the  products  may  be  kept  of  a  reasonable  magnitude. 

The  successive  values  of  y,,  were  written  in  column  (1),  and  those 
of  x,,  in  column  (4).  In  columns  (2)  and  (5)  the  values  of  A  y„  and 
A  x„  are  entered,  and  in  columns  (3)  and  (6)  the  values  of  A  ?/„-|-i  +  A  y„ 
and  A  x,,  +  ^  +  A  x„  respectively.  In  the  last  four  columns  are 
entered  the  products  of  the  numbers  in  columns  (3)  and  (4)  and  columns 
(1)  and  (6)  respectively.  The  products  are  summed  and  the  totals 
carried  forward  to  the  next  page  of  the  computation.  Finally,  on 
arriving  at  the  point  from  which  a  start  was  made,  the  algebraic 
sum  of  the  products  in  the  penultimate  double  column  should  be 
numerically  equal  to  that  in  the  last  double  column.  If  not,  some 
mistake  has  been  committed.  The  sum  gives  twice  the  area  in 
square  metres.  It  is  reduced  to  feddans  by  dividing  by  4200-83, 
and  the  area  sent  confidentially  to  the  inspector  under  whose 
charge  the  village  in  question  is  being  surveyed.  A  sheet  showing 
the  traverse  route  followed  in  computing  the  area  is  attached. 

The  sums  of  columns  (2),  (3),  (6)  and  (6)  should  be  zero,  which  gives 
a  control  on  the  accuracy. 

In  1906  several  cases  of  discrepancies  occurring  in  very  large  villages 
were  investigated,  and  as  the  result,  it  was  decided  no  longer  to  send 
village  areas,  but  to  adopt  the  map-sheet  as  the  largest  unit  for  the 
control  of  area  measurements.  The  true  dimensions  of  the  map-sheet 
being  known,  it  is  a  comparatively  easy  matter  to  find  the  area  in 
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nature  represented  by  it.  The  above  method  of  working  is  accordingly 
only  adopted  now  in  a  few  isolated  cases. 
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Measurements  of  hods. — A  hod  consists  of  a  number  of  contiguous 
plots  of  land  of  as  nearly  as  possible  the  same  quality.  The  average 
area  is  about  80-100  feddans,  and  it  thus  forms  a  convenient  sub- 
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division  of  the  village,  especially  as  village  areas  vary  between  ex- 
tremely wide  limits.  On  tlie  map  a  liod  of  80-100  feddans,  if  square, 
would  have  a  length  and  breadth  of  about  23-26  centimetres,  which 
is  of  a  convenient  size  for  planimetric  measurement.  This  fact  has 
been  made  use  of,  and  every  hod  has  been  measured  and  compared 
with  the  total  area  of  the  individual  plots  that  compose  it,  and  with 
the  area  of  the  village  of  which  it  forms  part.  There  is  thus  a  doubly 
controlled  check  on  the  accuracy  of  the  plot  measurements  which  so 
far  as  the  surveyor  is  concerned,  are  the  ultimate  object  of  the  survey. 

The  planimeter  is  too  well-known  an  instrument  to  require  description 
here,  but  it  may  be  stated  that  the  special  form  of  the  polar  planimeter 
constructed  by  Coradi,  of  Zurich, *  has  been  found  very  satisfactory. 
It  admits  of  the  movable  arm  being  used  on  both  sides  of  the  polar 
arm,  which  has  the  advantage  of  giving  a  compensation  for  non- 
parallelism  of  the  axis  of  the  roller  and  the  movable  arm,  for  it  can  be 
shown  theoretically  that,  if  the  required  area  is  measured  once  with 
the  pole  on  the  right  and  once  with  it  on  the  left,  the  error  due  to 
this  non -parallelism  changes  sign  and  so  disappears  from  the  mean  of 
the  two  measurements.  To  take  full  advantage  of  this  compensation, 
the  planimeter  must  be  as  symmetrically  disposed  as  possible  with 
respect  to  the  area  to  be  measured,  in  the  two  positions. 

In  actual  use,  the  instrument  was  set  for  the  scale  1  :  2,500  or  1  :  4,000 
as  the  case  might  be,  so  that  one  unit  of  the  vernier,  6-4  or  6-25  square 
millimetres  on  the  map,  represented  respectively  40  or  100  square  metres 
in  nature.  Each  instrument  was  checked  with  the  special  radius 
provided  which  enabled  accurately  known  areas  to  be  measured, 
.every  day  on  which  it  was  used,  and,  if  necessary,  was  properly 
adjusted.  The  regular  use  of  the  radius  for  checking  the  adjustment 
of  the  planimeter  is  important  when  unskilled  computers  have  to  be 
employed,  for  it  gives  the  Inspector  a  measure  of  the  instrumental 
error,  and  so  enables  him  to  detect  readily  indifferent  work  on  the  part 
of  the  computer.  If,  using  the  radius,  the  average  difference  between  the 
results  with  the  pole  to  the  right  and  to  the  left  is,  say,  1  per  thousand, 
an  examination  of  the  third  column  in  the  computing  form  (see  the 
example  below)  will  show  whether  the  computer  is  adding  materially 
to  this  difference  by  following  incorrectly  the  boundaries  of  the  figure 


*  Compensation  Planimeter, 
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which  he  has  measured.  In  the  example  quoted  below,  the  first  two 
measurements  are  of  a  lower  precision  than  the  last  two,  although 
the  mean  happens  to  be  identical.  AVhen  necessary,  the  Inspector 
may  form  an  arithmetical  estimate  of  the  computer's  precision  by 
taking  out  the  mean  or  probable  errors  of  his  work  and  allowing  for 
those  of  the  instrumental  adjustment.  The  hod  area  was  taken  out 
four  times  in  all  as  follows  : — 


Direction  of  integration. 

Position  of  the  pole  of  tlie  instrument. 

Clockwise  

To  right 

„  left 

Counter-clockwise   

11  15   

„  right 

The  means  of  the  first  two  and  of  the  last  two  observations  will  be 
free  from  the  error  referred  to  above  :  the  mean  of  all  four  will  tend  to 
be  free  from  error  of  sHp.  An  example  showing  the  form  used  and 
results  obtained  follows  : — 


Number  of  hod. 

Headings. 

Value  in  units. 

Means. 

Area. 

Iti    I 

1 

1,325 
6,410 
1,308 
6,408 
1.8;i2 
6,!)87 
2,543 
7,633 

j  5,085 
j  5,100 
j  5,095 
j  5,090 

1     •  5,092 
1  5,092 

Fed.   Qir.  Sah. 
Us     11  16 

The  same  hod  would  afterwards  be  measured  by  another  computer 
under  such  precautions  that  the  second  would  be  unable  to  know  the 
result  obtained  by  the  first,  and  the  two  results  compared  by  the 
superintendin  st  engineer.   If  they  agreed  within  one  per  cent.,  the  mean 
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was  accepted  ;  if  not,  a  re-measurement  was  made,  and  so  on.  A  cor- 
rection was  then  applied  for  the  shrinkage  of  the  paper,  and  when  the 
area  of  the  hod  had  been  satisfactorily  determined,  the  total  of  the 
individual  plots  was  compared  with  it.  If  the  total  agreed  within 
one  per  cent,  with  the  planimetric  area,  the  result  was  accepted. 

The  total  area  of  all  the  hods  in  a  village  was  then  found,  and 
compared  with  the  area  inside  the  village  traverse  boundary.  If  they 
agreed  within  one  per  cent.,  the  result  was  accepted,  but  if  not  the 
inspector  instituted  an  investigation  into  the  discrepancy.  The  cause 
was  generally  found  to  lie  in  a  misunderstanding  with  regard  to  the 
actual  traverse  boundary  followed  in  computation.  As  mentioned 
above,  a  sketch  removes  all  ambiguity. 

Measurement  of  the  Plots. — The  rapidity  with  which  the  survey  had 
to  be  executed  and  the  necessity  of  making  maps  in  order  to  avoid 
omissions  or  overlapping  of  records,  prevented  the  adoption  of  any 
ssytem  of  mensuration  on  the  ground,  and  compelled  the  substitution 
of  a  system  by  which  the  areas  were  measured  on  the  maps.  This 
work  was  all  done  in  the  offices  of  the  taftishes,  but  the  account  of  the 
methods  adopted  falls  most  naturally  in  the  category  of  computation, 
and  is  accordingly  included  in  this  chapter. 

Previous  to  1901,  plot  areas  were  measured  with  the  "  feddan  comb." 
This  apparatus,  which  is  much  used  by  the  Revenue  Surveys  of  India, 
consists  of  a  stiff  cardboard  open  frame  about21  x  17  centimetres  outside 
dimensions  and  14X8  centimetres  inside  dimensions.  At  intervals  of  5 
millimetres,  close  to  the  long  sides  of  the  opening,  small  dots  are  printed, 
through  which  fine  black  threads,  running  in  parallel  lines  from  side  to 
side  of  the  opening  and  thus  dividing  it  into  a  series  of  strips  of  equal 
breadth,  are  drawn.  Wlien  placed  over  a  plot  to  be  measured  the 
threads  divide  it  into  strips  of  the  breadth  of  5  millimetres  representing 
12-5  metres  on  the  ground.  The  sum  of  the  average  lengths  of  all  the 
strips  in  a  plot  will  therefore  measure  the  area  of  the  whole. 

The  average  lengths  are  stepped  out  with  dividers,  and  the  sum  of 
the  lengths  measured  on  a  diagonal  scale  which  is  printed  on  the 
cardboard.  The  unit  of  this  scale  is  5-6  millimetres,  corresponding  to 
14  metres  on  the  ground.  Thus  the  area  represented  by  a  strip  of 
unit  length  is  14  X  12-5,  or  175  square  metres,  which  is  one  twenty- 
fourth  part  of  4,200  metres  (a  feddan),  or  is  one  qirat.  The  diagonals 
divide  the  scale  into  twelfths,  giving  areas  to  two  sahms. 


The  weak  point  about  the  feddan  comb  is  that  it  is  almost  impossible 
to  keep  the  threads  tight  and  parallel.  Fiirther,  to  thread  them  through 
the  exact  positions  is  difficult  and  the  dots  are  not  always  placed  at 
the  correct  distances  apart,  which  may  be  due  to  shrinkage  of  the  card- 
board after  printing.  In  one  specimen  chosen  at  random  from  those 
formerly  in  use  in  the  Department,  these  disadvantages  were  such,  that 
errors  amounting  to  one  twenty-fifth  part  of  the  area  in  the  case  of  small 
areas  would  not  infrequently  occur,  although  the  fractional  amount  of 
the  error  would  decrease  almost  in  proportion  to  the  size  of  the  plot, 
and  for  large  plots  would  be  very  small.  In  this  case,  however,  other 
sources  of  error  would  begin  to  produce  appreciable  effects,  and 
accordingly  it  was  decided  in  1901  to  replace  the  feddan  comb  and 
dividers  by  a  computing  scale  with  a  reticule  ruled  on  tracing  paper. 
The  principle  involved  is  the  same,  but  the  computing  scale  itself 
carries  a  scale  of  the  proper  size  and  a  vernier  so  that  areas  are  read 
off  at  once  without  the  use  of  the  diagonal.  The  only  sources  of  error 
are  the  expansion  and  contraction  of  the  tracing  paper  carrying  the 
reticule,  and  those  due  to  the  small  errors  of  measurement  or  of 
judgment  in  estimating  the  irregular  pieces  at  the  boundary  of  a  plot. 
The  latter  are  probably  to  a  large  extent  compensating,  but  the  former 
source  is  more  serious  and  should  be  taken  into  account  if  the  method 
is  to  be  utilized  to  the  best  advantage.  This  would  best  be  done  by 
making  a  small  table  of  corrections  depending  on  the  average  error  of 
the  breadth  of  a  strip  and  applying  these  to  the  areas  as  measured.  It 
has  been  found  by  experience  that  there  is  less  alteration  in  the  reticule 
if  it  is  lithographed  on  the  tracing  paper  without  damping  the  stone 
or  the  paper,  and  celluloid  sheets  with  an  etched  reticule  have  advan- 
tageously been  substituted  for  paper  during  the  last  few  years. 

The  procedure  actually  employed  by  the  local  field-parties  was  to 
measure  each  plot  by  two  computers  independently  and  to  compare 
the  results  by  a  third.  A  table  was  drawn  up  giving  the  hmiting 
discrepancy  admissible  in  the  two  measurements,  according  to  the 
size  of  the  plot.  If  the  difference  fell  within  the  Hmit  allowed,  the 
mean  of  the  two  was  accepted  ;  if  not,  the  area  was  measured  a  third 
time  and  the  third  result  compared  with  the  other  two,  and  if  two  of 
the  three  agreed  within  the  permissible  limit,  their  mean  was  accepted. 
The  following  table,  condensed  from  that  actually  employed  by  the 
field-parties,  shows  the  extent  to  which  discrepanc\^  was  admitted. 
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Columns  have  been  added  giving  these  differences  as  percentages  also. 
It  should  be  borne  in  mind  in  this  connexion,  that  the  probable  error 
of  the  mean  of  the  two  observations  is  only  one-thml  of  the  discrepancy. 
Plots  of  over  ten  feddans  are  now  measured  with  the  planimeter  as 
already  described  for  hod-measurements,  or  are  subdivided  for  measure- 
ment, and  very  irregular  plots  also  are  measured  with  the  planimeter, ' 


Area. 

Discrepancy  allowed. 

Probable  error  per  cent. 

Absolute. 

Percentage. 

Feddans. 

Qirats.  Sahins. 

1 

0  -  10 

2-8 

0-9 

2 

1  4 

2-5 

0-8 

3 

1  16 

2-3 

0-8 

4 

2  4 

2-2 

0-7 

5 

2  8 

1-6 

0-5 

10 

3  4 

1-3 

0-4 

From  the  mean  area  of  the  plot  a  correction,  taken  from  a  table 
was  applied  to  allow  for  the  shrinkage  of  the  paper.  The  corrected 
result  was  then  recorded  in  the  Land  Register  as  the  area  of  the  plot. 

When  all  the  plots  forming  one  hod  had  been  measured,  the  sum 
of  their  areas  was  compared  with  that  found  for  the  hod  by  planimeter 
and  if  the  two  values  did  not  difier  by  more  than  one  per  cent,  the 
measurement  of  the  individual  plots  was  considered  satisfactory.  If 
not,  the  matter  was  investigated  and  the  discrepancy  cleared  up. 
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CHAPTER  XVI. 

The  Chain  Survey. 

All  the  foregoing  operations  of  the  verification  of  standards,  base- 
measurements,  triangulation  of  the  second,  third  and  fourth  orders, 
and  theodolite  traverses  have  had  for  their  object  the  provision  of  a 
large  number  of  points  on  the  ground  of  which  the  relative  positions 
were  accurately  known.  These  served  as  a  control  to  the  field-measure- 
ments and  prevented  errors  from  accumulating  until  they  reached  a 
magnitude  which  would  be  appreciable  on  the  scale  employed  in  the 
maps.  When  the  present  survey  was  commenced  no  maps  existed 
which  showed  boundaries  of  villages  or  even  those  of  districts,  and  the 
province  boundaries  on  the  maps  of  the  hydrographical  survey  were  but 
approximations.  The  surveyor  had  therefore  to  obtain  all  his  infor- 
mation on  the  spot,  and  when  village  boundaries  lay  in  uncultivated 
land  they  were  only  identified  with  considerable  difiiculty.  A  line  of 
traverse  points  was  supposed  to  follow  the  village  boundary,  but  it 
was  less  easy  for  the  traverser  to  locate  it  since  he  was  not  concerned 
with  ascertaining  the  limits  of  individual  properties  and  therefore 
took  the  line  indicated  by  the  "  dallal "  or  sheikh  without  much 
investigation. 

In  one  respect  this  portion  of  the  work  differs  very  markedly  from 
the  operations  that  have  already  been  described.  Not  until  the 
measurement  with  the  chain  of  the  holding  is  commenced  does  the 
surveyor  come  in  contact  with  the  landowner. 

Triangulation  points  are  often  fixed  on  private  land,  and  traverse 
points  are  placed  along  the  margins  of  fields,  but  these  operations  are 
not  immediately  connected  with  the  individual  holding,  at  least  not 
in  the  public  opinion. 

As  soon  as  the  property  of  the  inhabitants  of  a  village  is  delimited, 
measured  or  recorded,  a  new  set  of  difiiculties  arises.  Previously, 
opposition  or  ill-will  might  cause  some  delay  to  the  triangulator  or 
the  traverser,  but  now  the  work  could  not  proceed  at  all  without  the 
active  co-operation  of  the  villagers  ;  and  though  this  was  not  usually 
difficult  to  obtain,  as  they  welcomed  a  definite  location  and  assessment 

20 
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of  their  lands,  still  they  had  no  special  motive  for  pushing  on  the  work 
with  rapidity.  It  was  not  easy  to  ensure  the  attendance  on  any  day 
of  all  the  owners  of  the  plots  which  would  probably  be  measured,  and 
the  absence  of  one  or  two  often  prevented  the  settlement  of  matters 
relating  to  neighbouring  holdings  Frequently  the  owners  declined 
to  attend,  saying  that  the  "  dallal  "  would  indicate  their  boundaries, 
having  all  the  time  the  intention  to  present  complaints  afterwards  if 
they  considered  that  his  indications  did  not  correspond  with  the 
lands  which  they  possessed  or  which  they  claimed.  Indeed,  it  was 
everywhere  a  common  practice  to  pay  but  little  attention  to  the  first 
measurement  and  to  reserve  information  for  the  re-measurement  when 
the  complaint  was  being  investigated ;  this  habit  arose  principally 
from  the  idea  that  more  individual  attention  would  be  gained  during 
the  investigation  of  a  complaint  than  in  the  measurement  of  property 
in  the  general  survey.  It  is  not  necessary  to  point  out  how  much 
this  increased  the  amount  of  work  which  had  to  be  done  in  order  to 
complete  the  survey  of  the  country. 

The  absentee  owners  gave  even  more  trouble,  for  they  frequently 
did  not  attend  in  order  to  point  out  their  boundaries,  but  sent  a  copy 
of  their  title-deeds  which  they  requested  might  be  followed.  In  the 
majority  of  cases  it  was  almost  impossible  to  do  this,  for  the  descrip- 
tion of  the  property  was  always  vague,  and  usually  those  who  were 
named  as  the  neighbouring  proprietors  had  long  been  dead  and  their 
land  had  been  subdivided  in  passing  into  other  hands ;  some  had 
encroached  on  the  property  and  had  probably  been  long  in  occupation, 
and  with  such  cases  neither  the  surveyor  nor  the  survey  inspector 
had  any  power  of  dealing  authoritatively. 

In  large  villages  it  was  very  difficult  to  say  exactly  when  any  par- 
ticular area  would  be  measured  up,  and  doubtless  it  was  highly  incon- 
venient for  owners  to  be  kept  waiting  for  several  days  before  their  land 
was  recorded.  Nevertheless  in  very  many  cases  they  took  but  little 
trouble  to  facilitate  the  work  and  the  representatives  whom  they 
sent  often  had  neither  knowledge  of  the  property  nor  of  its  boundaries. 
The  case  of  a  large  landowner  who  owned  land  situated  not  more  than 
two  hours  by  train  from  Cairo  where  he  lived,  was  by  no  means  an 
isolated  one ;  he  requested  the  Survey  Department  to  remove  those 
who  had,  as  he  was  informed  by  his  bailiff,  encroached  upon  his 
property,  but  he  himself  had  not  visited  it  for  fifteen  years. 


To  complete  a  given  area  in  a  given  time  under  these  circum- 
stances was  no  easy  matter,  and  the  moment  arrived  in  the  survey  of 
each  village  when  the  books  had  to  be  closed  and  any  outstanding 
questions  had  to  be  settled  on  the  basis  of  information  furnished  by 
the  sheikhs  of  the  village,  leaving  the  owner  who  was  thereby  preju- 
diced to  complain  later  to  the  Ministry  of  Finance,  to  which  the  land- 
registers  were  transmitted.    It  must  be  remembered  in  this  connection 
that  no  legal  authority  existed  by  virtue  of  which  the  Survey  could 
require  landowners  to  attend  or  to  produce  documents  and  title-deeds. 
Work  had  begun  in  1892  as  a  verificatory  survey  of  State  lands  car- 
ried out  by  the  order  of  the  Ministry  of  Finance,  and  this  gradually 
developed  into  a  cadastral  survey.    A  decision  of  the  Council  of 
Ministers  dated  June  16,  1898,  appointed  the  Director-General  of  the 
Survey  Department  on  its  formation,  but  conferred  no  powers  on 
those  who  had  the  carrying  out  of  the  work.    Ministerial  circulars  of 
November  1899  and  1901  laid  down  certain  requirements  which  were 
designed  to  facihtate  the  work  of  the  Re-assessment  Commissions,  but 
the  Survey  had  to  execute  the  cadastre  without  the  support  of  any 
decree  or  legal  provision.    That  it  was  possible  to  carry  out  the  work 
at  all  rapidly  under  such  conditions  was  due  firstly  to  the  general  desire 
for  something  more  definite  than  the  frequent  partial  re-measurements 
which  had  long  been  a  burden,  and  secondly  to  the  fact  that  the 
methods  of  work  were  quickly  improved  until  a  very  satisfactory 
standard  of  accuracy  was  reached  wherever  sufficient  information  of  a 
reliable  character  was  given. 

The  extent  to  which  the  land  is  subdivided  has  already  been 
alluded  to,  and  the  average  number  of  plots  of  different  sizes  is  an 
important  factor  in  determining  the  best  method  of  work.  It  wiL' 
also  be  a  matter  for  serious  study  in  any  scheme  of  land  registra- 
tion which  may  be  introduced.  For  this  reason  a  classification  bj 
size  has  been  made,  and  in  the  following  table  the  total  number  oi 
plots  in  each  district  have  been  divided  into  three  classes  and  the 
percentage  of  the  number  in  each  class  to  the  whole  is  given  more 
fully  than  on  page  30.    The  classes  are : 

1)  Under  12  qirats,  or  2,100"4  scj.  metres  or  2,512'1  sq.  j-ards. 

2)  12  qirats  to  5  fcddaus,  or  0' 21  to  2*1  heotsires,  or  0*519  to  5*19  acres. 

3)  Over  5  feddans,  or  2*1  liectiires,  or  5*19  acres. 

The  data  are  only  given  for  the  provinces  which  were  surveyed 
after  1898,  for  no  statistical  records  were  kept  before  that  time. 
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Size  of  Plots  in  Lower  Egypt. 
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under  12  qirats. 
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9-42 

Daqahlia  .  - 

Kl  MiiiL^rirj) 

25|l9a 

7,6(12 

30-41 

15  30(> 

60*97 

2,170 

8-82 

l)aiiii6tta   

11,149 

3,473 

31-15 

5  000 

60*28 

2  07(» 

18-57 

Dekeriies   

5l!o92 

20,034 

40-39 

20  09*' 

52-24 

3,760 

7*37 

184,147 

58,380 

31-70 

1(17  10(t 

58-32 

18,367 

9*98 

Fua   

5,805 

22-74 

51-77 

on  tin 

-50-49 

For   1  village. 

Dcssiiq  

22,183 

23-64 

49-54 

26-82 

..    17  villages. 

2j£t;i 

26-90 

08 -67 

4-43 

„ 

El  Biirollos  

3,741 

22-09 

68*67 

„     2  .. 

Tantii   

5**,6S0 

26-31 

67-28 

0*41 

..  48 

C!  KAitBI  A  ...  *' 

Santa   

39,S1H 

33-45 

*13*  03 

3-52 

,.  29. 

Talkha  ...  ... 

13.7ti9 

10-45 

5 1 . 02 

35  *  53 

2 

Shprbiii   

14.927 

18-71 

42-02 

39-27 

„  18 

Kafr  Zav  at 

.35,025 

22-76 

69-04 

8-20 

13 

Kafi-  el  .Shuikh  ... 

42!8r9 

15-15 

64-95 

19-!I0 

4  ., 

- 

Malialla  Kobra  ... 

211,892 

20-17 

68*38 

11-45 

57 

25  31 

04*40 

10-23 

Tala   

6s,3(;i 

35-16 

0<l-47 

4*37 

For  50  villages. 

A»hinuii   

41,951 

35-14 

01*00 

3-80 

32 

Menufia  ...  < 

lleiiiif  

04,429 

22,150 

34-39 

40,743 

63*24 

1,.530 

2-37 

Sliibin  el  KiHii  ... 

59,181 

22,194 

37-50 

35,681 

6;)*29 

1,306 

2-21 

Qi.e.siia  

3S,00o 

10,499 

27-02 

25,178 

60-25 

2,328 

6-13 

• 

201,927 

33-96 

62-25 

3*70 

Behkira 

Under  ru- 
1 

survey. 
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Size  of  Plots  in  Upper  Egypt. 


Plots 
under  12  qirats. 

Between  12  qirats 
and  5  feddans. 

Above  5  feddans. 

Province. 

District. 

S  o 

a 

s 
a 

Number 

Percent- 
age. 

Number 

Percent- 
age. 

Number 

Percent- 
age. 

Remarks. 

Aswan  | 

Aswan  

Bdfu  

r.1  l.'cri  

10,931 
21,438 

7,702 
2,086 

51 '  50 
35-92 
32-75 

12,050 
2,729 

40-00 
56-21 
4-' -84 

1,686 
1,555 

6-  50 

7-  87 
24-41 

'K  "'JO 

15.417 

39-80 

19,152 

49-44 

4,170 

10-76 

r 

Qkna  1 

1 

Deglma  

Esnji  

Ijiixor   

Xaga  Hamadi.  ... 

Qena  

QU8  

39,119 
23,816 
22,002 
47,414 

Q 1  7  1  li 

ol,lio 
36,508 

16,017 
10,678 
Q  71Q 
17,679 
13,018 
15,272 

40-  95 
44-84 
44-17 
37-28 

41-  00 
41-84 

21,073 
11,(>00 

H\  1Q1 

26,712 
16,863 
19,037 

53-87 
48-71 

"to 

56 -.34 
53-12 
52-14 

2,029 
1,538 
2  092 
3^023 
1,865 
2,199 

5-  18 

6-  45 

6-38 

5-  88 

6-  02 

200.605 

83,3^3 

41-58 

105,476 

52-57 

11,746 

5-85 

GlRQA  

El  Baliaiia   

Akhmiin  

Gii'ga   

Soha;;   

Talita   

39,736 
23,724 
46,717 
48,048 
5!),454 

16,845 
8,668 
16,584 
20  175 
22|646 

42-39 
36-53 
35-50 
41-99 
38-09 

20,584 
14.085 
27,025 
26  218 
.33',933 

51-80 
59-37 
57-85 

57-10 

2,307 
971 
3,108 
1 655 
2^875 

5-  81 
4-10 

6-  65 

o  11 

4-81 

217,679 

84,918 

,39-01 

121,845 

55-98 

10,916 

5-01 

■■ 

ASSIUT  

1 

Manfalut  

Mallawi  

Abiiiib  

Deirut  

El  Badaii   

Assiut   

Ahii  'riff 

40,655 
33.853 
37,608 
41,370 
22,678 
39,177 

17,5(i4 
13,991 
15,691 
16,863 
9  399 
161729 
11,873 

43-20 
41-33 
41-72 

40-  76 

41-  44 

42-  70 
32-49 

20,69.T 
17,509 
20.361 
21,828 

1  *>   1  1  M 

20,790 
22,72(i 

50-  91 

51-  72 
54-14 

52-  77 

1>0  11 

53-  06 
62-19 

2,396 
2,353 
1.556 
2,679 

1,  Lt>l 

1,658 
1,943 

5-  89 

6-  95 
4-14 
6-47 
o  la 

4-  24 

5-  32 

102,1 10 

40-54 

136,027 

54-00 

13,74(; 

5-46 

c 

MiNIA  • 

Abu  Qirqas  

Belli  Mazar  

1.1  1  COIill         ...  ... 

Majthaglia   

El  Minin  

Samalut  

19,17fi 
23,252 

10,00/ 

21.0;»6 
20,836 
20,587 

7  796 
9|246 
7,666 
8,151 
7,823 
5,971 

40-  1)6 
39-77 

41-  25 
38 -(>4 
37-65 
29-00 

o  Eon 
11,536 

8,920 
11,129 
10,642 
11,171 

iiti*  R  i 
4y  04 

49-60 
47-99 
52-75 
51-07 
54-26 

2,470 
2,001 
1,816 
2,371 
3,445 

9'  70 
10-63 

10-  76 
8-61 

11-  38 
16-74 

12.3,534 

46,653 

37-76 

62,918 

50-94 

13,963 

11-30 

f 

Bkni  Suef... 

Beni  Suef  

El  Wasta  

Beba  

41,758 
39,205 
51,045 

15,075 
16,990 
26,603 

36-10  ' 
43-33 
52-12  i 

23,282 
19,795 
22,048 

55-76 
50-50 
43-20 

3.401 
2,42(1 
2,394 

8-14 
6-17 
4-68 

133,008 

58,668 

44-45 

65,125 

49-33 

8.215 

.  6-22 

r 

Faycm  } 

i  J I    (i^  mil   

Et,'<a  

Suiiiiureij  

'id  IRQ 

40,080 
45,576 

18,444 
15,655 
20,412 

46*73 
39-06 
44-79 

18,881 
21,072 
22,473 

47-84 
52-57 
49-31 

2,144 
3,353 
2,691 

5-43 
8-37 
5-90 

125,125 

54,511 

43-57 

62,426 

49-89 

8,188 

6-54 

r 

(ii/.A   ; 

i 

Embalia  

Giza  

El  Safl-  

EI  Aj-at  

35,287 
17,676 
21.3ir 
26,896 

29-94 
27-78 
33-14 
47-42 

62-  19 

63-  00 
61-45 
47-14 

7-87 
9-22 
5-41 
5-44 

For  37  villajfe.-i. 
26 

„    IG  „ 

101,169 

33-64 

59-36 

T'OO 
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Thus  it  will  be  seen  that  about  40  per  cent,  of  the  plots  are  under 
half-a-feddan  and  only  about  7  per  cent,  are  over  five  feddans  in 
size.  Moreover,  many  of  these  plots  are  owned  in  shares  by  two  or 
more  owners,  which  increases  the  complexity  of  the  question.  The 
proportion  of  shared  plots  has  lately  been  taken  out  for  the  province  of 
Sharqia  and  in  it  26  per  cent,  of  the  holdings  were  sliared,  there  being 
on  the  average  three  owners  to  each  plot  so  shared.  In  other  pro- 
vinces the  proportion  is  higher,  see  p.  320. 

From  1897  onwards,  the  surveyor  was  provided  with  a  map-sheet 
on  which  were  plotted  the  points  that  had  been  fixed  by  the  traverser. 
The  distances  between  the  points  were  also  furnished  to  him  as  well  as 
a  descriptive  list  of  the  points  for  purposes  of  identification. 

Since  1898  the  points  have  been  placed  at  a  maximum  distance  of 
500  metres  apart  and  the  different  traverse-lines  are  seldom  as  much 
as  700  metres  from  one  another,  so  that  the  area  within  which  the 
surveyor  was  required  to  locate  the  detail  with  the  aid  of  the  traverse 
points  seldom  reached  a  quarter  of  a  square  kilometre.  As  the  land 
was  invariably  flat  and  the  topographical  features  were  few,  this 
presented  no  difficulty  even  to  those  who  had  had  but  a  short  training 
in  surveying  with  the  chain. 

The  instruments  used  were  : — 

!i  20-nietre  steel  chain  of  No.  8  B.  W.  G.  steel  wire  ; 
ii  cross-staff  with  triitod  stand  ; 

a  plan(vtable,  50  centimetres  square  with  tripod  stand  and  canvas  cover  ; 
a  boxwood  ruler  scale  having  a  scale  of  20-metre  chains  reading  to  tenths 

on  one  edge  and  one  of  "  qassabas  "  on  the  other ; 
an  off-set  scale  and  a  chain-book. 

The  20-metre  chain  had  replaced  the  5-qassaba  chain  used  in  the 
State  lands  survey,  but  it  was  at  first  made  of  wrought-iron  wire  and 
was  therefore  easily  lengthened  by  the  stretching  which  it  experienced 
during  work.    Steel  wire  chains  were  introduced  in  1898. 

The  plane-tables  were  no  longer  used  in  order  to  fix  points  by  inter- 
section but  rather  as  portable  drawing-tables  on  which  the  measure- 
ments taken  in  the  field  were  plotted  at  the  time.  At  first  the  engineers 
were  equipped  with  plane-tables  and  alidades  which  they  used  in 
checking  the  chain-survey,  and  in  replacing  traverse  points  which  had 
been  removed  or  lost ;  but  later  when  the  traverse  was  controlled  by 
triungulation  the  positions  of  the  traverse  points  were  much  more 


accurately  determined,  and  graphical  triangulation  with  a  plane-table 
would  have  introduced  work  of  greatly  inferior  accuracy ;  it  was 
therefore  forbidden.  Missing  points  were  to  be  replaced  by  chaining 
from  at  least  three  other  points,  or  were  to  be  provided  by  re-traversing 
the  line.  Offset  lines  laid  out  by  eye  were  as  a  rule  very  inaccurate, 
so  that  cross-staffs  had  almost  always  to  be  used.  The  tendency 
however,  was  to  use  them  for  longer  lines  than  their  accuracy  jus- 
tified, and  at  first  the  maximum  length  up  to  which  offsets  were 
taken  was  two  chains. 

The  measurements  of  holdings,  etc.,  were  plotted  with  a  30-centimetre 
plotting-scale  of  the  ordinary  pattern,  but  the  edges  of  these  were 
found  to  chip  so  readily  in  the  hot,  dry  summer  weather  that  a 
shorter  and  thicker  pattern  was  adopted  in  1902. 

At  first  all  such  measurements  were  plotted  directly  on  the  map, 
not  being  otherwise  recorded,  but  this  sometimes  entailed  the  work 
having  to  be  done  afresh  if  the  map  was  lost  or  damaged,  so  that  in 
1898  chain-books  were  used  whenever  necessary  and  from  1903  were 
regularly  employed  for  entering  all  the  measurements  taken  which 
were  also  plotted  on  the  maps. 

The  length  of  the  chain  was  controlled  during  work  by  comparing  it 
carefully  with  a  20-metre  length  laid  down  with  a  steel  tape*  on  a  level 
piece  of  ground  close  to  the  village  ;  two  wooden  pickets  were  driven 
into  the  ground  and  small  nails  were  placed  in  them  to  mark  the 
exact  distance.  Having  assured  himself  of  its  correctness  the  surveyor 
next  proceeded  to  verify  the  reference  points  with  which  he  had  been 
provided,  and  his  first  operation  was  to  check  the  position  of  the 
traverse  points  with  the  descriptive  lists  by  measuring  the  distance 
between  each  in  order  to  see  if  any  had  been  removed.  These,  if 
few,  were  replaced  by  others,  of  which  the  position  was  determined 
by  chaining  from  the  other  points,  or  if  many  were  lost  new  traverse 
lines  were  run  with  a  theodolite.  Next  the  collection  of  buildings 
which  occupied  the  village  site  was  surveyed  and  plotted  on  the  map  ; 
this  being  an  untaxed  area  the  internal  detail  of  lanes,  alleys,  open 
spaces,  etc.,  was  not  shown  on  account  of  the  time  available  being 


*  These  tapes  are  compared  with  others  which  are  used  only  tor  such  comparisons,  and  have 
been  atiindardizcd  at  the  Helwan  Observatory. 
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insufficient  to  allow  of  the  numerous  additional  measurements  being 
taken  which  were  necessary  for  accurately  representing  it.  The 
outline  of  the  houses  which  were  situated  on  the  margin  of  the  village 
was  plotted,  and  the  space  within  it  was  hatched  to  indicate  an  area 
occupied  by  buildings  and  untaxed,  but  no  further  detail  was  shown. 
In  the  provinces  now  under  revision  all  streets,  lanes  and  open  spaces 
are  shown,  since  rapid  work  is  no  longer  so  all-important  a  considera- 
tion, and  it  is  desirable  to  supply  more  detail  especially  in  the  large 
villages,  since  it  will  be  many  years  before  the  Town  Survey  staff 
are  Ukely  to  map  them.    (See  Plan  XXVII) 

The  village  site  being  finished,  chain-lines  were  next  measured  from 
one  traverse  point  to  another,  and  secondary  lines  from  one  such  chain- 
line  to  another  so  as  to  cross  a  series  of  plots  near  their  ends.  As  has 
been  already  stated,  the  great  majority  of  plots  are  more  or  less  rect- 
angular in  shape,  and  are  usually  long  in  proportion  to  their  breadth. 
These  can  be  efiectively  surveyed  by  measuring  the  breadth  of  each  on 
a  line  intersecting  the  plots  near  one  extremity  and  on  another  line 
near  the  other  extremity,  and  subsequently  joining  the  corresponding 
points  so  obtained.  Irregular  plots,  or  those  having  curved  boundary 
lines,  were  surveyed  by  similar  chain-Hnes,  oifset  measurements  being 
taken  to  the  boundary  line  or  to  the  feature  which  was  being  repre- 
sented. A  meandering  watercourse  or  a  canal  having  numerous  bends 
was  surveyed  by  fixing  points  along  it  by  measuring  lines  to  each  of  them 
from  two  or  three  points  on  the  nearest  chain-lines,  and  then  employing 
the  points  so  fixed  to  control  other  lines  which  would  be  near  enough 
to  the  curved  boundary  to  allow  of  offsets  being  used.  Canals,  roads 
and  other  topographical  features  were  easily  surveyed  in  this  manner, 
but  the  plots  could  not  be  delimited  without  further  information  being 
obtained,  since  the  boundaries  are  not  marked  in  such  a  manner  as  to 
be  readily  recognized,  dressed-stone  marks  are  very  rarely  seen  and  a 
rough  lump  of  stone  forms  a  very  doubtful  guide  to  the  precise  angle 
of  a  plot.  At  the  present  time  a  landowner  is  not  obliged  by  law  to 
mark  the  corners  of  his  property,  so  that  holdings  can  only  be  surveyed 
correctly  if  the  owner,  or  his  representative  who  is  acquainted  with  the 
boundaries,  is  present  at  the  time  of  survey  in  order  to  point  them  out. 
In  plan  XXVIII  a  facsimile  is  given  of  a  cadastral  map-sheet  as  it  is 
prepared  in  the  field.  Plan  XXIX  shows  the  same  sheet  in  the  form 
in  which  it  is  published. 
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In  villages  where  the  land  is  under  perennial  irrigation  the  difficulties 
are  much  less  as  crop  succeeds  crop  on  the  same  area  and  the  little 
surface  channels  (misqa)  which  lead  the  water  on  to  the  sown  land  tend 
to  remain  unchanged  and  so  form  to  some  extent  a  topographical 
boundary.  In  lands  which  are  flooded  by  the  annual  inundation, 
however,  these  water- channels  do  not  exist  and  plots  are  arranged 
in  apparent  disorder  throughout  the  basin  (see  Plan  VIII).  Every 
village  has  its  "dallal,"  or  measurer,  who  measures  up  the  land  of  the 
inhabitants  as  they  require  and  where  the  land  is  annually  inundated 
he  lays  out  the  plots  again  as  soon  as  the  mud  is  dry  enough  to  sow 
upon.  His  work  is  comparatively  light  in  areas  of  perennial  cultiva- 
tion but  in  the  basin  lands  of  Upper  Eg}'pt  where  the  land  has  to  be 
set  out  in  plots  annually,  with  the  aid  of  the  cadastral  records  of 
1854-59  A.D.  (1272-77  A.H.),  he  is  a  person  of  considerable  importance 
in  the  village. 

This  absence  of  definite  boundary-marks  greatly  facilitates  the 
encroachment  of  one  proprietor  on  the  land  of  another.  Where  both 
are  resident  in  the  village,  the  error  is  usually  discovered  when  the 
land-register  is  read  out  to  the  inhabitants  as  soon  as  it  has  been 
compiled,  for  each  man  is  then  told  the  area  which  he  has  been  recorded 
as  occupying.  In  the  case  of  absentee  landowners,  however,  this 
safeguard  is  not  effective  and  their  lands  may  be  considerably  dimin- 
ished without  the  officers  of  the  survey  being  able  to  ascertain  if  such 
is  the  case.  The  former  land-registers  which  were  kept  in  the  Mudiria 
offices,  showed  the  amount  of  land  that  each  landowner  possessed  at  each 
rate  of  tax,  but  they  seldom  stated  exactly  where  such  land  was  situated, 
.though  occasionally  the  name  of  the  hod  might  be  mentioned,  but 
even  this  amount  of  information  was  rarely  given.  It  might,  therefore, 
happen,  and  in  fact  did  happen  now  and  then,  that  the  lands  of  an 
absentee  landowner  were  divided  up  amongst  the  principal  inhabitants, 
and  an  area,  equal  to  that  which  was  recorded  as  belonging  to  him, 
was  pointed  out  to  the  Survey  on  the  margin  of  the  desert,  where  the 
soil  was  greatly  inferior  to  that  on  the  river-bank  where  perhaps  his 
property  really  was.  A  year  or  two  later  the  taxes  of  the  village 
would  be  re-assessed  but  this  would  tell  him  nothing,  as  the  tenant 
usually  pays  the  tax  and  remits  the  balance  of  the  rent  to  the  owner- 
Not  until  the  lease,  which  is  usually  for  a  period  of  three  years,  had 
expired  did  the  owner  discover  what  had  happened,  and  only  then 
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because  the  rent  offered  for  a  renewal  of  the  lease  was  much  less  than 
that  which  he  had  hitherto  been  receiving.  The  Survey  officials  had 
no  certain  means  of  detecting  such  cases  for  the  area  owned  by  many 
of  the  inhabitants  was  found  to  be  less  than  that  which  had  been 
recorded  in  their  names,  since  it  had  hitherto  been  computed  by  the 
old  Coptic  methods.  Encroachments,  therefore,  did  not  necessarily 
appear  as  excesses  when  the  land  was  measured.  No  large-scale  maps 
of  any  province  then  existed,  and  consequently  the  true  position  of 
each  property  could  not  be  checked,  so  that  usually  all  that  was 
known  was  that  it  was  included  in  the  lands  of  such  and  such  a 
village. 

When  the  systematic  measurement  of  all  the  holdings  in  a  village 
was  about  to  be  undertaken,  a  notification  was  posted  in  it  for  the 
information  of  the  landowners.  This  was  not  sufficient  to  warn  those 
who  did  not  reside  in  the  village,  for  it  was  often  to  the  interest  of  the 
tenant  not  to  inform  his  landlord  that  the  survey  of  his  lands  was 
about  to  take  place. 

From  the  autumn  of  1898,  therefore,  the  survey  of  a  village  was 
always  advertised  in  the  "  Official  Journal  "  directly  it  was  commenced. 
This  journal  has,  however,  but  a  limited  circulation,  and  the  public 
press  does  not  quote  extensively  from  it,  and  did  not  consider  the 
survey  of  village  lands  as  being  of  sufficient  interest  to  give  it  much 
publicity,  so  that  the  absentee  landowner  was  frequently  a  sufferer. 

A  further  effort  to  assist  him  was  therefore  made  in  1900  when 
the  practice  was  instituted  of  sending  by  post  the  following  written 
notice  of  survey  to  all  landowners  who  did  not  reside  in  the  village 
and  whose  postal  addresses  could  be  obtained : — 
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Survey  Form  No.  57. 

SURVEY  DEPARTMENT. 
  Survey  Office. 

To 

You  are  hereby  notifioil  that   the  survey  of  the  village  of 
District  -  will  he 

commenced  forthwith,  and  you  are  requested  to  attend  or  to  depute 
a  representative  to  see  that  your  lands  are  correctly  recorded. 

{Signature) 

Inspector. 

Date   ^ 

This  removed  their  disability  to  a  great  extent,  but  not  wholly, 
for  sometimes  their  addresses  were  not  obtainable,  at  other  times  they 
were  insufficient,  and  often  the  tenant  possessed  a  written  authority 
to  receive  all  such  communications  and  consulted  his  own  interest  by 
not  forwarding  the  notice  to  his  landlord,  part  of  whose  land  he  had 
probably  pointed  out  as  his  own.  Frequently,  too,  the  landowners 
themselves  gave  little  if  any  assistance  in  the  attempt  to  record 
accurately  the  property  of  private  individuals,  as  has  already  been 
explained. 

The  practice  of  reading  out  the  land-register  in  the  village  when  com- 
pleted furnished  a  control  on  its  correctness  for  those  who  lived  there, 
but  was  of  no  assistance  to  others  who  resided  elsewhere ;  they  had 
perhaps  already  attended  to  point  out  their  boundaries  and  found  it 
inconvenient  to  attend  again  at  the  end  of  the  work ;  moreover,  in 
the  course  of  later  investigations  and  in  the  final  compilation  of  the 
registers  their  original  indications  may  have  been  found  incorrect. 
Not  only  was  it  unjust  to  them  to  close  the  land-registers  under  these 
circumstances,  but  the  risk  was  incurred  of  very  numerous  complaints 
being  lodged  with  the  Mudiria  when  the  revised  areas  were  inscribed 
in  the  next  tax-receipt,  and  the  staff  there  available  for  their  investiga- 
tion was  neither  sufficiently  numerous  nor  fully  competent  to  deal 
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with  extensive  measurements.  From  the  end  of  1901  therefore  the 
system  was  introduced  of  communicating  the  result  of  the  survey  of 
each  proprietor's  land  to  him  in  the  form  here  given  : — 

(Translation)  S.  Kohm  No.  59. 

SURVEY  DEPARTMENT. 


Village,  Qassassin  el  Sebakh  District,  Kafi:  Saqr 

Name  of  actual  occupier,  Ibrahim  Effendi  Ali 

F«d8.   Qlr.  Sabms 


Area  of  property  as  originally  recorded. 


9 
9 

Jtl 

on 

15 

M 

2 

19 

9 

22 

1 
1 

in 

1  u 

It 

0 

16 

14 

3 

15 

8 

+  25 

4 

10 

0 

15 

18 

2 

12 

0 

0 

12 

0 

-  21 

12 

16 

3 

22 

20 

17 

20 

15 

21 

19 

II 

0 

6 

19 

—  Deficit. 


Additions  to  original  area : 


Deductions  from  original  area : — 


Area  found  on  survey. 


Difference  due  to  transfer  of  land  from  Public 
Domain. 


If  not  satisfied  with  this  result  you  must  send  your  complaint  to   Inspectorate  situated 

at   within  a  period  not  exceeding    days  from  this  date  to  be  investigated  on 

  at  the  village  in  your  presence  or  in  the  presence  of  your  delegate  who  must  be 

empowered  to  sign  for  you.    Any  petition  after  the  above  date  must  be  sent  to  the  Mudiria. 

Whenever  a  landowner  has  land  in  more  than  one  "  hod  "  the  area 
in  each  "  hod  "  is  now  stated  on  the  back  of  the  notice  to  assist  him 
in  understanding  the  result. 
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Where  the  landowner's  address  could  not  be  obtained  the  notice 
had  to  be  given  to  his  tenant,  and  in  such  cases  it  not  infrequently 
did  not  reach  its  destination ;  but  on  the  whole  the  system  gave  the 
proprietor  a  means  of  knowing  how  his  land  had  been  recorded  and  the 
explanation  of  any  change  that  had  been  made.  The  number  of 
complaints  was  greatly  increased  by  the  invitation  to  lodge  them  for 
examination,  but  a  certain  number  of  errors  were  thereby  rectified. 
Another  object  in  facilitating  the  presentation  of  complaints  was  that 
the  practice  of  surveyors  demanding  payment  for  measuring  land  lest 
it  should  be  wrongly  recorded  was  most  difficult  to  check,  since  neither 
party  would  testify  to  it.  Though  it  was  very  common,  complaints 
of  it  were  extremely  rare,  even  though  inquiries  were  made  and  notices 
were  posted  in  every  village  stating  that  the  work  of  the  Survey  would  be 
carried  out  gratuitously.  The  only  means  which  seemed  likely  to  prove 
effective  was  to  render  the  correction  of  inaccurate  work  as  accessible 
as  possible  by  facilitating  complaints,  but  the  small  landowner  still 
seems  to  fancy  that  his  security  is  greater  if  he  pays,  and  he  neither 
realizes  nor  believes  that  the  checks  employed  to  control  the  work  of 
the  surveyors  are  quite  as  efficacious  if  he  on  his  part  will  co-operate. 

Another  source  of  complaint  was  that  in  Upper  Egypt  the  land- 
registers  had  sometimes  to  be  closed  before  the  river  was  at  its  lowest, 
and  therefore  before  the  surveyor  had  been  able  to  measure  the  whole 
of  the  riparian  lands.  Thus  anyone  who  owned  property  in  this  part 
of  the  village  was  recorded  as  owning  a  smaller  area  than  he  really  did. 
The  extremely  rapid  rate  of  work  which  was  unavoidably  maintained 
in  order  to  supply  two  provinces  a  year  for  re-assessment  of  their  land- 
tax,  was  responsible  for  this,  and  especially  the  rule  that  the  re-assess- 
ment of  a  province  had  to  be  completed  and  the  revised  rates  of  tax 
pubUshed  before  the  31st  of  December ;  this  necessitated  closing  the 
registers  of  each  village  at  the  earliest  possible  date,  whether  the  river 
was  at  its  lowest  level  or  not. 

The  most  fertile  source  of  error  lay,  however,  in  plots  which  were 
owned  by  two  or  more  proprietors  who  had  not  located  their  respective 
portions  but  owned  it  in  shares.  Since  there  was  no  boundary  to  be 
actually  measured  on  the  ground,  there  was  no  means  of  verifying  the 
statements  made,  and  the  amounts  in  any  case  were  usually  small  so 
that  the  total  owned  by  anyone  in  the  village  might  be  not  much 
altered  by  a  mistake  in  recording  the  part-owners  in  one  or  more 
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plots.  Thus  it  was  easy  for  some  of  these  part-owners  to  arrange  that 
the  names  of  others  should  be  omitted,  especially  if  they  happened  to 
be  absent  horn  the  village  at  the  time  of  survey.  Recent  investigation 
shows  that  as  many  as  80  per  cent,  and  often  more  of  the  complaints 
against  the  Survey  were  due  to  the  omission  of  the  names  of  such  part- 
owners  from  lack  of  information  or  from  their  intentional  suppression. 
These  were  sent  in  after  the  survey  was  finished  and  when  the  area  of 
properties  found  by  it  were  being  used  in  collecting  the  land-tax. 

Complaints  of  incorrect  measurement  were  not  numerous,  for  the 
control  by  the  traverse  points  was  in  most  cases  adequate  and  in  places 
where  more  were  needed  it  was  easy  to  fix  them  by  chaining. 

Landowners  at  times  complained  that  their  lands  were  recorded  as 
"Public  Utility"  or  "State  Property,"  and  the  surveyors  had  often 
much  difficulty  in  deciding  how  some  of  the  roads  and  canals  should 
be  described  since  the  existing  registers  were  both  ambiguous  and 
incorrect.  The  rules  followed,  and  the  special  kinds  of  difficulty  met 
with  are  described  in  the  next  chapter  which  deals  with  the  compilation 
of  the  land-registers. 

All  such  complaints  which  were  received  after  the  land-registers 
were  closed  were  sent  to  the  Mudiria  for  investigation  by  the  staff  of 
land-measurers  there,  but  they  had  no  training  in  modern  survey 
methods  and  employed  the  ancient  methods  of  computation  so  that  the 
final  result  was  not  always  an  improvement.  When  the  measurement 
of  most  of  Upper  Egypt  had  been  completed  it  was  possible  to  detach 
some  of  the  Survey  staff  to  take  up  this  work  in  the  provinces  of  Girga, 
Assiut,  Minia  and  Beni  Suef  where  such  complaints  were  very  numerous. 
The  following  tables  show  statements  of  these  up  to  November  30, 
1908,  distributed  under  separate  headings  : — 


CoMPLAmTS  Investigated  after  Survey. 


Peovisces. 

Total  Xo. 
received 

1  I 

Ebbob  in 

Relating  to 

•popu 

up  to 
Sept.  1908 

Comp 
invest 

Surve.v. 

Area. 

Uegistei-s. 

State 
Lands. 

Former 
Regis- 
tration. 

a 

a 
& 

Assiut   

Beni  Suef 
Sharqia   

8,388 
3,539 
1,872 
135 

5,311 
2,G99 
201 
65 

24 
20 

8 

230 
19 

1 

3,540 
1,567 

28 

161 
21 

1* 

38 
5 

1,356 
875 
192 
13 

—  m  — 


In  one  respect  it  was  unfortunate  that  it  had  not  been  the  practice 
from  the  commencement  to  refer  all  such  cases  to  the  Survey  for 
re-investigation,  for  as  soon  as  this  work  was  undertaken  the  principal 
causes  of  the  complaints  were  evident,  and  steps  were  taken  to  prevent 
their  occurrence  which  have  been  to  a  large  degree  successful. 

In  Sharqia  province,  which  has  been  revised  in  1907  and  1908, 
written  statements  were  taken  from  part-owners  in  every  divided  plot, 
setting  forth  the  names  of  those  who  had  shares,  the  proportion  in 
which  they  were  held,  and  other  information  ;  this  involved  a  large 
amount  of  extra  work,  but  since  inaccuracies  in  recording  this  form  of 
ownership  accounted  for  80-90  per  cent,  of  the  complaints  which 
were  received  after  survey,  as  already  mentioned,  this  labour  was 
fully  justified. 

The  number  of  plots  so  shared  is  very  large,  as  may  be  seen  from 
the  following  table,  which  refers  to  Sharqia  province: — 


Plots  Owned  in  Shares  in  Sharqia  Province. 


District. 

Number 
of  villiigca. 

Tdtiil 
mimi)t-'r 
uf  plots. 

Number 
owned 
ill  shares. 

Number 
of  shares. 

I'ercentage 
of  sliared 
plots. 

Average 
number 
of  shares 
per  plot. 

'  Belbeis  

5G 

35,835 

9,684 

26,684 

27 

2-8 

Mina  el  Qainh  . . . 

83 

34,!»33 

10,143 

30,568 

29 

3-0 

■< 

1— ( 

r 

Zagazig   

Kafr  Sa(ir  

C.L 
49 

29,105 
16,958 

8,412 
4,016 

24,840 
11,338 

29 
24 

3-0 
2-8 

Hehia  

40 

15,285 

1,854 

11,750 

12 

6-3 

L  Faqus  

40 

28,5G9 

8,919 

24,754 

31 

2-8 

This  degree  of  subdivision  is  by  no  means  exceptional,  as  may  be 
seen  from  the  following  data,  which  refer  to  the  sharing  of  holdings 
in  different  parts  of  the  country.  In  some  cases  all  the  villages  of 
a  province  have  not  been  included  since  the  registers  were  not 
accessible  when  the  information  was  being  collected. 
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Plots  Owned  in  Shares.* 


Province. 

IJlSTIilOT. 

Total  miinhei- 
of  plots. 

Niimlier  of 
plots  sliiirt'd. 

Peroentage  of 
plots  shared. 

Aswan   | 

Aswan  

Ed£u   

4,815 
21,458 

i,9t;i 

9,204 

41 

43 

i 

Qena  1 

Qena   

Esna   

Nag  Hamadi. 

31,851 
23,(;i6 
39,584 

12,360 
7,451 
13.278 

39 
32 
44 

( 

GiRGA  < 

/ 

Girga  

Tahtu  

Akhniim 

Baliana  

Sohag   

46,740 
59,475 
23,712 
38,675 
48,(;22 

23,700 
31,171 
12,432 
14,770 
21,528 

51 
52 
52 
38 
44 

AssiuT   1 

Deirut  

Abu  Tig  ... 
Mallawi  ... 
Al)u  Qinjas... 

27,933 
36,542 
33,853 
17,176 

10,837 
22,618 
11,152 
9,926 

39 
62 
33 
52 

HIT  ) 

MiNIA  1 

Minia  

Magliaglia  ... 
Beni  ifazar... 
Fashn   

21,130 
20,996 
23,312 
18,589 

10,392 
7,481 
8,537 
7,825 

49 
36 
37 
42 

Beni  Suef   j 

Beni  Suef  ... 
Wasta  

41,758 
39,205 

7,355 
4,1(15 

18 
11 

Fayum   

Fayum  

39,469 

12,008 

30 

( 

GiZA  1 

Giza   

Enibaba 
Mansura 

17,670 
34,472 
25,208 

6,612 
14.1(;9 
7,140 

37 
41 

.  28 

J-'AQAHLIA   

^1 1 1  W7  /  >  1 11 

9,746 

2t) 

Menufia   1 

ShibinelKom 
Tala   

39,374 
3t),459 

12,964 
13,400 

33 
37 

Gharbia  

Dessuq  

22,183 

6,940 

38 

♦  Communicated  by  Messrs.  Skill,  Campbell,  Ahmed  Bey  Tauflq,  Dray,  and  Dowd. 
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After  checking  his  chain  and  his  reference  points  the  surveyor's 
first  duty  on  taking  up  the  survey  of  a  \'illage  was  to  locate  the  boun- 
daries of  the  village  and  then  to  proceed  to  measure  and  to  plot  on  the 
map  the  holdings.    This  location  of  the  village  boundaries  was  not 
usually  a  complicated  matter,  since  the  village  in  which  the  owner  of  a 
piece  of  land  paid  his  tax,  and  the  omda  under  whose  jurisdiction  he 
was,  furnished  evidence,  which  could  usually  be  depended  upon,  to 
show  the  village  in  which  the  land  should  be  inscribed.    The  traverse 
lines  followed  as  nearly  as  was  convenient  the  village  boundaries, 
so  there  was  at  times  a  tendency  on  the  part  of  the  traverser  to  pose 
as  the  authority  who  fixed  the  boundary  or  who  would  alter  it  to  suit 
the  view  of  this  or  that  local  aiithority,  and  since  no  map  existed  on 
which  the  boundary  was  shown,  the  pretension  was  often  believed. 
It  was,  however,  laid  down  in  their  instructions  that  boundaries 
of  villages  should  be  determined  at  the  time  of  the  chain-survey,  for 
only  then  were  all  the  factors  available  which  had  to  be  taken  into  con- 
sideration.    Omdas  naturally  wished  to  increase  the  area  of  their 
jurisdiction;  very  small  villages  increased  the  number  of  registers 
to  be  kept  up,  and  had  their  taxes  already  collected,  by  the  "  sarraf  " 
of  the  neighbouring  village  ;  long  strips  of  one  village  projected  from 
the  main  area,  or  lay  wholly  surrounded  by  the  lands  of  another, 
the  shifting  of  the  river-channel  not  infrequently  transformed  a 
portion  of  a  village  at  first  into  an  island  and  then  perhaps  transferred 
it  to  the  opposite  bank ;  there  were  villages  again  of  so  large  an  area 
that  it  was  a  distinct  hardship  for  the  inhabitants  of  the  more  distant 
portions  to  journey  to  the  chief  village  to  pay  their  taxes,  or  for  any 
other  administrative  purpose.    In  all  these  different  conditions  good 
reasons  were  to  be  found  for  modifying  boundaries  in  order  to  gain 
greater  simpUcity  or  convenience,  or  to  utilize  well-defined  features 
in  place  of  vague  hues  across  fields,  but  such  changes  were  often  un- 
popular.   All  proposals  for  the  alteration  of  boundaries  were  examined 
by  the  Mudiria,  and  if  found  to  be  an  improvement  and  not  such  as  to 
arouse  local  opposition,  were  forwarded  to  the  Ministries  of  Finance 
and  Interior  for  their  approval. 

It  frequently  happened  that  the  village  areas  which  formed  con- 
venient units  for  taxation  were  too  large  for  the  purpose  of  public 
security,  and  smaller  villages  were  recognized  as  units  for  this  purpose. 
Usually,  however,  the  boundaries  of  a  taxation  area  were  also 

21 
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boundaries  of  units  of  public  security,  though  one  of  the  former  might 
contain  several  of  the  latter.  But  since  the  boundaries  of  the  tax- 
ation area  alone  were  located  on  the  ground,  the  recognition  of  a  group 
of  habitations  as  a  separate  village  for  purposes  of  public  security 
only  applied  to  the  village  and  its  inhabitants  for  their  lands  were 
not  located  separately  nor  was  a  boundary  round  them  laid  down. 
The  land  of  Egypt,  therefore,  is  divided  up  into  the  villages  which  are 
areas  for  the  collection  of  land-tax,  since  the  boundaries  of  these 
alone  are  mapped. 

The  next  boundary  of  importance  was  that  of  the  "  hod  "  or  the 
unit  of  tax-rate  within  the  village.  The  limits  of  the  old  hods  " 
or  "  qibalas  "  were  too  vague  and  seldom  fulfilled  the  requirements  of 
the  new  conditions  which  had  been  laid  down  to  facilitate  the  re-assesa- 
ment  of  the  land-tax. 

It  was  only  when  the  scheme  for  the  re-assessment  of  the  land-tax 
was  being  worked  out  that  the  necessity  for  a  "  hod  "  of  small  size 
came  prominently  into  notice ;  the  earUer  surveying  of  lands  in  the 
provinces  of  Sharqia  and  Beheira  by  the  State  Lands  Survey  had 
followed  the  old  "  hods  "  which  were  then  in  use.  When  the  re-assess- 
raent  commissions  commenced  work,  therefore,  in  these  provinces,  they 
had  to  subdivide  the  "  hods  "  to  form  smaller  ones  fulfilling  the  con- 
ditions which  had  been  laid  down.  These  subdivisions  were  called 
Qism  1,  Qism  2,  etc.,  of  the  "  hod."  Afterwards  the  Survey  was 
entrusted  with  the  duty  of  delimiting  the  new  hods,  which  demanded 
some  care  and  a  knowledge  of  land,  for  although  the  local  authorities 
were  supposed  to  indicate  the  subdivision,  since  they  were  thoroughly 
acquainted  with  the  relative  quahties  of  the  land  in  different  parts  of 
the  village,  in  practice  they  frequently  could  not  or  would  not  do  so, 
and  the  survey  engineer  had  to  make  the  best  arrangement  that  he 
could.  These  new  "  hods  "  were  inspected  by  the  Survey  Inspector, 
but  with  the  survey  of  60  or  more  villages  to  superintend,  maps  to 
examine,  and  registers  to  check,  as  well  as  complaints  to  enquire 
into,  he  had  but  little  time  to  devote  to  this  work.  The  number  of 
"  hods  "  which  were  re-divided  by  the  re-assessment  commissions  is 
given  in  the  following  table  : — 


No.  OP  Hods. 

MUDIRU. 

Divided. 

Total. 

Sharqia  

363 

1,876 

Beheira  

325 

2,167 

(iharbia  

593 

7,893 

Giza  

155 

1,994 

Menufia  

61 

5^63 

Fayum   

199 

3,781 

Qaliubia  

26 

2,596 

Daqahlia  

579 

7,946 

Qena  

53 

4,599 

Aswan   

31 

1,198 

Girga   

26 

4,489 

Assiut   

154 

5,866 

Minia   

135 

5,287 

Beni  Suef   

91 

3,058 

Total  

2,791 

58,013 

Since  these  hods  were  the  areas  on  which  the  newly  assessed  rates  of 
tax  were  fixed  they  have  become  of  special  importance,  and  in  revising 
the  cadastral  maps  of  villages  which  have  had  their  land-tax  re- 
assessed the  first  operation  is  to  locate  these  hod  boundaries  accurately 
and  then  re-measure  the  plots  within  them.  Village  boundaries  are 
not  now  altered  without  special  reasons  and  then  whole  hods  are 
transferred  if  need  be,  but  hods  arc  not  divided. 

In  surveying  the  plots  the  owner,  or  in  his  absence,  the  lessee,  the 
"  dallal,"  or  the  sheikhs  point  out  the  boundaries.  In  doing  this 
some  plots  are  met  with  which,  though  situated  ia  village  A,  are 
recorded  in  the  register  of  another  village  B,  perhaps  some  kilometres 
away,  in  which  the  owner  lives  or  has  other  property.  This  state  of 
things  was  reported  on  by  the  Cadastre  of  1878-1888  and  its  incon- 
venience alluded  to. 


It  doubtless  arose  from  the  more  influential  landowners,  who 
possessed  land  in  various  parts  of  the  country,  arranging  to  have  it 
all  recorded  in  the  register  of  the  village  in  which  they  lived  for  con- 
venience in  paying  their  taxes.  Cases  were  met  with  in  which  a  plot 
of  ground  when  sold  to  a  man  in  another  village  had  been  at  once  trans- 
ferred to  the  land-register  of  that  village.  This  custom  had  grown  to 
large  proportions,  as  may  be  seen  from  the  following  table : — 


DETAILS  OF  LaND-TrANSFEBS. 


Number 

Number  of 

Number  of 

Area 

Pkovince. 

District. 

of 

Landowners 

Plots 

transferred 

villages. 

t  r&nsf 6rrcd . 

In  fodddDS. 

Qena    j 

Qena  

3,316 

2,645 

6,732 

Nag  Humadi   

81 

3,551 

11,913 

( 

(iirga   

t!0 

12,207 

19,024 

I  i. 

iaiita   

t)0 

35,301 

Akhiniin  

24 

16,711 

GiRGA    j 

Sohag   

46 

21,496 

Baliiina   

34 

— 

— 

28,261 

Abu  Tig   

25 

5,661 

5,441 

ASSIUT    ■ 

Beirut   

29 

2,791 

2,538 

4,802 

( 

Mallawi   

31 

1,517 

4,606 

Beni  Mazar   

29 

1,267 

869 

7,086 

MlNlA    1 

Abu  Qurqas   

1,379 

12,020 

El  Faslin  

890 

7,837 

GiZA    1 

Giza  

3(5 

1.606 

5,893 

Einbuba    ... 

45 

92 

237 

Fayum   

El  Fayum   

25 

1,137 

1,934 

1  )('kerne3  

24 

704 

2,295 

Daqahlia    ...  1 

Mansura  

64 

551 

3,464 

Simhcllawein  

83 

834 

1,088 

5,004 

Menufia      ...  [ 

8hibiii  el  Kom 

Tala  

38 
40 

2,456 
3,431 

2,045 
2,944 

3,259 
5,134 

Ghabbia 

Dessuq   

37 

564 

651 

18,015 

The  transfer  of  these  isolated  plots  often  delayed  the  surveyor 
greatly,  for  he  could  not  balance  the  account  of  a  proprietor's  land 
until  he  received  the  statement  of  the  area  which  was  in  another 
village,  and  some  times  in  several  other  villages,  in  order  to  deduct  it. 
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In  several  provinces  which  have  the  desert  for  one  boundary,  there 
were  lands  which  had  been  granted  to  applicants  under  the  provisions 
of  the  decree  of  1884  authorizino;  Kharig  el  Zimain  land  which  had 
not  been  registered  in  the  previous  cadastre  to  be  so  given.  These 
lands  had  often  been  found  unprofitable  and  abandoned,  so  that 
neither  the  limits  nor  the  present  owners  were  known.  Whenever 
information  was  obtainable  the  land  was  included  in  the  survey  of  the 
village  in  the  ordinary  way ;  where  the  owner  had  been  lost  sight  of, 
the  villagers  usually  wished  the  lands  to  be  included  within  the  village 
limits.  In  such  cases  the  surveyor  was  instructed  to  lay  down  points 
in  such  waste  land  so  that  the  "  Kharig  el  Zimam  "  lands  were  included, 
and  to  record  as  Government  property  all  such  land  which  was  not 
occupied  or  claimed. 

Ijands  on  the  river  margin  which  are  gradually  uncovered  as  the 
river  falls  necessitated  special  treatment.  They  are  collectively 
termed  "  gezira  "  (island)  lands  and  include  not  only  islands  lying  in 
the  stream  but  also  all  the  lands  situated  between  the  high-  and 
low-water  marks.  They  have  to  be  dealt  with  in  a  special  manner 
since  they  are  liable  to  be  eroded  by  the  river  when  in  flood,  and  to 
be  increased  by  deposition  as  the  river  falls.  Consequently  these 
lands  are  measured  each  year  by  the  surveyors  of  the  mudiria  and 
the  taxes  are  levied  on  each  holder  of  such  lands  according  to  the 
area  of  which  he  is  in  occupation.  As  this  amount  varied  from  year 
to  year  according  as  erosion  or  deposition  predominated,  instructions 
were  issued  by  the  Revenue  Department  that  "  gezira  "  lands  were 
not  to  be  divided  into  plots  on  the  maps  but  were  to  be  treated  as  a 
whole  area  and  the  share  of  them  owned  by  each  man  having  property 
in  the  "  gezira  "  was  to  be  recorded.  This  plan  would  have  worked 
well  if  it  had  been  possible  to  wait  until  the  lowest  stage  of  the  river 
before  making  up  the  land -register,  in  order  to  ensure  that  all  the 
"  gezira  "  lands  were  measured;  but  on  account  of  the  very  restricted 
time  limits  laid  down  the  land-register  of  every  village  had  to  be  com- 
pleted at  the  earliest  possible  date  in  order  that  it  might  be  sent  to  the 
Ministry  of  Finance  for  the  Re-assessment  Commission  and  that  the 
surveyor  might  take  up  another.  This  unavoidable  omission  of  the 
low-lying  "  gezira  "  lands  was  the  cause  of  numerous  complaints  against 
the  Survey  in  Upper  Egypt,  which  are  to  be  attributed  to  the  conditions 
of  work  imposed  and  not  to  any  negligence  in  its  execution.  Recently, 
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in  1907,  permanent  marks  have  been  placed  on  this  class  of  land  in 
Beheira  province,  to  facilitate  their  annual  measurement,  and  this 
will  in  time  be  carried  out  for  the  riparian  holdings  in  other  provinces. 
The  holdings  on  such  lands  are  now  being  mapped  in  all  cases  just  as 
in  other  village  lands. 

The  lands  *  which  are  collectively  classed  as  "  gezira  "  are  divided 
into  three  categories,  the  "  elu,"  the  "  murtafa,"  and  the  "  mowati." 
The  first  of  these  includes  the  higher  part  on  which  a  summer  crop, 
such  as  cotton,  as  well  as  winter  and  flood  crops,  can  be  grown.  This 
is  rarely  flooded  and  is  practically  the  same  in  character  as  the  general 
flood-plain  of  the  valley,  but  being  on  the  margin  of  the  river,  is  liable 
to  erosion.  Of  the  other  two  classes,  the  "  murtafa  "  is  the  upper 
land  on  which  winter  crops,  such  as  wheat,  barley,  beans,  etc.,  can  be 
grown,  since  the  flood  has  by  December  fallen  sufficiently  to  allow 
of  their  being  sown ;  the  "  mowati "  is  the  lower  land  which  is  not 
uncovered  until  later  and  upon  which,  therefore,  only  cucumbers, 
marrows,  melons  and  such  ground  plants  can  be  grown. 

In  order  to  establish  points  which  could  be  recovered  annually  after 
the  flood  had  subsided,  concrete  blocks  40  cm.  X  40  cm.  and  50  cm. 
long  were  made  by  digging  a  hole  of  this  size,  lining  it  with  boards 
and  then  filling  it  with  concrete,  a  piece  of  angle  iron  being  placed  in 
the  centre  to  mark  the  precise  point ;  in  this  manner  the  line  between 
the  "  elu  "  and  the  "  murtafa  "  lands,  and  also  that  between  the 
latter  and  the  "  mowati "  lands  were  marked  out,  421  marks  being 
required  for  the  riverain  lands  of  54  villages  of  Beheira  province.  The 
points  being  fixed,  the  lands  were  surveyed  by  the  ordinary  methods 
of  chain-survey,  and  plotted  to  the  scale  of  1  :  2,500.  The  area  dealt 
with  was  4,897 '5  feddans  (2,057  hectares),  of  which  1,294-5  were  of 
the  "  murtafa  "  and  3,603  of  the  "  mowati "  category. 

The  cost  amounted  to  : — 

L.E.  MILL. 

Field  work   312  2G0 

Computation  and  compilation  of  registers   223  410 

Travelling  and  transport   90  907 

Boat  hire    22  925 

Material  for  blocks   39  425 

Total...      L.E.      688  936 


*  Thia  description  is  taken  from  a  report  on  the  demarcation  of  the  Gezira  lands  of  Beheira 
provinoe  by  Mr.  G.  H.  Mo  roan',  of  the  Survey  Department. 


,  The  field  work  took  sixty-six  days,  and  the  whole  of  the  maps  and 
registers  for  the  "  gezira  "  lands  of  fifty-four  villages  were  completed 
in  one  hundred  and  three  days  from  the  commencement  of  the  field 
work.  The  number  of  these  points  has  been  since  largely  increased 
since  the  holdings  in  these  lands  are  now  mapped  as  those  on  other 
kinds  of  village  lands. 

Complaints. 

Since  it  was  extremely  difficult  to  give  sufficient  publicity  to  the 
notification  of  survey  to  ensure  that  all  the  landowners  in  a  village 
should  know  of  it,  it  was  necessary  to  give  increased  facilities  for 
the  correction  of  inaccurate  measurement  or  of  incorrect  information 
which  the  surveyor  might  have  received. 

A  very  large  proportion  of  the  complaints  were  baseless,  and  others 
referred  to  matters  which  were  not  within  the  province  of  the  surveyor, 
but  on  the  whole  they  at  times  gave  valuable  information,  although  a 
very  large  amount  of  work  had  to  be  done  in  investigating  numbers  of 
baseless  complaints  as  well  as  those  which  had  some  ground  for  their 
existence.  These  complaints  also  furnished  a  useful  test  of  the  work, 
for  any  carelessness  or  negligence  soon  produced  an  increase  in  the 
number  of  complaints  and  petitions  sent  in. 

In  1900,  registers  were  established  in  each  inspectorate  to  record  all 
complaints  received,  and  the  result  of  the  investigation  of  each  ;  these 
have  been  kept  up  regularly  and  furnish  a  complete  record  of  all  the 
complaints,  petitions,  etc.,  received  in  the  Cadastral  survey  since  then. 

The  results  of  those  received  during  the  last  four  years  are  analysed 
in  the  following  tables  : — 


Summary  of  Complaints  1901-1907. 


1904. 

1905-6. 

1907. 

Total. 

Percentage. 

Lnfoiinded   

"g  1  Incorrect  measnrement... 

I  Incorrect  information 
£.  1     supplied  to  surveyors... 
L"om]ilaints  awaiting  investi- 
gation at  end  of  year  

6,574 
Ml 

721 

0 

28,464 
2,141 

3,662 

187 

4,035 
568 

1,268 

2,001 

39,073 
3,050 

5,651 

2,188 

78  % 
6  96 

11  % 

5  % 

Totals  

7,636 

34,454 

7,872 

42,962 

Unfounded  complaints  comprise  both  those  which  were  not  sub- 
stantiated on  investigation,  and  those  which  concerned  matters  which 
wore  not  within  the  competence  of  the  Survey  Departmcni:.  The  next 
table  gives  a  classification  of  the  complaints  of  the  same  lour  years 
showing  the  principal  grounds  of  protest: — 


Complaints  referring  to ; 


Recording  in  incorrect  name   

Shared  plots  *    ... 

Private  land  included  in  Public  Domain... 
„       „        „        „  State  Lands 

Alleged  deficiency  of  land  

Non-receipt  of  notice^  

Transfer  to  another  village   

rnforniation  given  by  local  authorities  ... 

Alleged  excess  of  land  

Measurement  in  absence  of  owners  

Incorrect  boundaries  

Sales,  mortgages,  or  legal  decisions  

Transfers  _   

Survey  employees  

Disputes  between  landowners  . ,  


Total. 


1904. 


1,782 
189 
108 
256 
3,989 
88 
60 
168 
261 
75 
218 
194 
28 
70 
150 


190B-6. 


7,636 


1,645 
267 
171 
399 
28,553 
884 
299 
235 
385 

17 
628 
166 

69 
291 
445 


1907 


34,454 


316 
174 
108 

3,398 
540 
181 
335 
742 
155 
87 
281 
72 
109 
1(;8 

1,206 


7,872 


Recently  the  manner  of  investigation  has  been  systematized  to 
ensure  that  every  complaint  was  examined  in  exactly  the  same  way, 
which  will  not  only  improve  the  thoroughness  of  the  enquiry,  but  also 
facilitated  any  re-investigation  which  might  be  necessary. 

The  most  frequent  complaint  was  that  of  a  deficiency  in  the  area 
recorded  compared  with  that  on  wliich  the  owner  had  hitherto  been 
paying  tax.  The  usual  cause  of  this  was  that  his  land  had  formerly 
been  compute  by  the  ancient  Egyptian  methods  and  was  consequently 
shown  as  being  larger  than  it  really  was  ;  again,  nearly  everywhere  the 
land-registers  existing  were  those  which  were  based  upon  records 
prepared  about  1854-9  under  Bahgat  Pasha,  and  consequently  before 
the  length  of  the  qassaba  was  fixed  definitely  at  3-55  metres.  The 
lengths  then  employed  were  from  3-48  to  3-52  metres,  so  that  ai'eas 
measured  with  them  were  too  large,  since  the  feddan  had  been  already 


*  Many  more  of  this  class  were  usually  received  after  survey  wli<>n  the  areas  recorded  hy  the 
survey  were  employed  in  the  tax-receipts  forms. 
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defined  as  equal  to  333^  square  qassabas.  That  the  tax  was  at  once 
reduced  on  the  true  area  being  ascertained  occasioned  little  satisfaction 
to  the  owner  for  he  could  no  longer  obtain  his  rent  on  the  larger  area 
and  so  found  himself  worse  off  in  this  respect,  which  considerably  more 
than  counterbalanced  the  benefit  he  derived  from  the  remission  of  tax. 

The  necessity  of  finishing  registers  before  all  the  "  gezira  "  lands 
were  uncovered,  caused  other  complaints  as  already  explained,  and 
many  disputed  the  correctness  of  recording  land  in  the  name  of  the 
State,  which  was  claimed  by  a  private  individual  although  he  frequently 
could  produce  no  documentary  proof.  Lists  of  Government  property 
were  furnished  by  the  Department  dealing  with  it  and  were  followed 
as  exactly  as  was  possible ;  all  complaints  were  forwarded  to  this 
department  for  action,  so  that  the  surveyor  had  no  responsibility  or 
discretion  in  the  matter. 

The  other  class  of  Government  land,  viz.,  that  which  comprised  the 
Pubhc  Domain  ("  munafa  amumia  ")  also  presented  certain  difficulties 
since  the  area  alone  was  given  in  the  old  registers,  and  there  were 
seldom  details  enough  to  locate  the  different  portions  of  land  of  which 
it  was  composed.  Strictly,  land  is  only  constituted  a  part  of  the 
Public  Domain  in  virtue  of  a  decree  to  this  effect,*  but  in  the  course  of 
the  survey  many  pieces  of  land,  such  as  main  canals,  were  met  with  on 
which  tax  was  still  being  collected  from  tlie  neighbouring  landowners, 
although  the  area  was,  or  should  have  been,  part  of  the  Public  Domain. 
By  the  canal  act  of  1894  all  canals  which  watered  more  than  three 
villages  were  to  be  considered  as  of  public  utility ;  the  Ministry  of 
Finance  therefore  gave  instructions  that  in  such  cases  the  canal  area 
was  to  be  shown  as  belonging  to  the  Public  Domain,  and  therefore  as 
untaxed.  This  procedure  was  responsible  for  a  part  of  the  reduction 
of  the  tax-paying  area,  which  resulted  from  the  recent  Cadastral 
survey.f 

Execution  of  the  Chain  Survey. 

At  the  beginning  of  1897  a  theodolite  traverse  everywhere  furnished 
a  basis  for  the  chain  survey,  which  measured  and  recorded  the  dimen- 
sions of  the  individual  plots.    Work  was  now  being  definitely  organized 


*  See  Article  9  of  the  Civil  Code. 

f  See  tables  at  the  end  of  Chapter  XI. 
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to  furnish  the  area  of  each  piece  of  land  possessed  by  each  landowner 
so  that  the  tax  upon  it  might  be  re-assessed. 

The  surveying  or  technical  branch  still  prepared  only  the  map- 
sheets  and  the  index  to  them  in  the  form  of  a  land-register ;  the 
plots  belonging  to  each  proprietor  were  collected  together  by  the 
Settlement  branch  in  order  to  obtain  the  total  area  possessed  by  each 
proprietor  as  an  index  to  property.  This  involved  taking  the  land- 
register  and  a  tracing  of  the  maps  into  the  field  again  and  dealing 
with  the  inhabitants  for  the  second  time,  as  well  as  investigating  any 
complaints  which  might  be  made.  This  work  did  not  advance  very 
rapidly  and  in  1897  twenty-seven  additional  surveyors  were  transferred 
to  the  settlement  branch  in  order  to  expedite  that  portion  of  the 
work. 

There  remained  a  hundred  and  fifty  surveyors  in  the  Technical 
branch,  each  of  whom  could,  it  was  estimated,  complete  3,000  feddans 
(1,260  hectares)  annually,  while  the  opinion  was  expressed  in  the  report 
on  the  work  for  this  year  that  this  amount  might  be  increased  to 
4,000  feddans  (1,680  hectares)  per  annum. 

At  the  end  of  October  1897,  the  provinces  of  Sharqia,  Beheira  and 
Gharbia  were  under  survey.  In  Sharqia  all  but  eight  villages  were 
finished,  and  these  were  to  be  finished  by  the  end  of  the  year,  but  they 
were  not  actually  completed  until  the  middle  of  1898.  Twenty-five 
villages  of  Beheira  were  in  hand  and  were  eventually  finished  early  in 
1899.  Gharbia  province  had  been  begun,  but  900,000  feddans  (about 
380,000  hectares)  remained  to  be  done  ;  this  amount  including  a  large 
area  of  waste  or  marshy  land  in  the  northern  part  of  the  province,  and 
a  year  and  a  half  was  estimated  as  the  time  necessary  to  complete 
the  province  with  the  whole  of  the  staff  then  available,  viz.,  fifty- 
one  engineers,  a  hundred  and  forty-three  surveyors,  twenty-three 
draughtsmen  and  computers. 

Traverse  points  were  now  being  employed,  but  the  number  was 
wholly  insufiicient  to  furnish  an  effective  control.  Much  of  the  land  in 
the  northern  part  of  the  provinces  was  waste  and  therefore  the  patches 
of  cultivation  occurred  at  intervals.  In  both  Beheira  and  Sharqia 
provinces  the  greater  part  of  the  area  had  been  surveyed  by  the 
elementary  methods  of  triangulation  with  the  plane-table  which  th<^ 
State  Lands  Survey  had  employed  and  only  the  remaining  portions 
were  now  being  completed  on  the  basis  of  a  theodolite  traverse,  so  that 
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it  was  often  found  to  be  impossible  to  make  common  boundaries 
agree  accurately. 
At  the  end  of  the  year  the  staff  consisted  of : — 

6  inspectors, 
48  engineers, 
167  surveyors, 

30  draughtsmen,  computers  and  clerks, 
400  chainmen. 

1898. 

By  this  time  the  re-assessment  of  the  land-tax  had  been  virtually 
decided  upon  and  it  became  necessary  to  increase  the  rate  of  out-turn 
if  two  provinces  annually  were  to  be  ready  for  the  re-assessraent 
commissions.  To  do  this  efficiently  a  wider  organization  was  needed 
and  in  July  the  present  Survey  Department  was  formed  in  which 
triangulation  might  be  provided  as  the  control  of  the  traverse  and 
chain-survey  and  where  the  drawing  office  and  lithographic  printing 
office  could  undertake  the  publication  of  the  maps  as  they  were 
completed. 

In  the  first  half  of  the  year  much  progress  was  made  in  Gharbia 
province,  and  in  the  summer  a  commencement  was  made  of  the 
survey  of  Embaba  district  in  Giza  province. 

In  Gharbia  the  work  was  everywhere  based  on  the  points  fixed  by 
the  theodolite  traverse,  but  any  which  were  lost  or  which  had  been 
removed  were  replaced  by  graphic  triangulation  with  a  plane-table. 
In  most  cases  this  method,  if  carefully  employed,  could  reach  the 
necessary  accuracy,  but  no  verification  was  possible  since  no  angular 
measurements  were  booked  which  could  afterwards  be  examined 
mathematically  as  a  control.  For  this  reason  the  use  of  the  plane-table 
for  locating  points  was  abandoned  as  soon  as  the  Survey  Department 
was  formed  and  a  staff  was  available  to  re-traverse  such  lines  as  might 
be  necessary.  Work  was  mainly  concentrated  in  the  southern  part 
of  the  province  where  the  land  is  greatly  subdivided  and  is  of  good 
quality.  Here  the  holdings  are  fairly  regular  in  shape,  but  as  the 
more  northern  portions  are  reached  they  become  much  more  irregular 
on  the  margin  of  the  waste  land  since  there  the  more  favourable 
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patches  are  cultivated  first  and  the  intermediate  areas  are  taken  up 
as  reclamation  extends. 

The  staff  employed  in  this  year  consisted  of : — 
6  inspectors, 
48  engineers, 
157  surveyors, 
About  400  chainmen. 

The  total  area  which  was  mapped  in  this  year  on  the  scale  of  1  :  4,000 
..as  948,000  feddans  (400,000  hectares). 

1899. 

At  the  commencement  of  this  year  work  was  being  carried  on  in 
eight  districts  of  three  provinces ;  in  Giza,  the  districts  of  Embaba, 
Giza,  Ayat  and  SafE  were  all  in  hand  ;  in  Gharbia  those  of  Talkha  and 
Sherbin,  in  the  north-eastern  portion  of  the  province,  were  under 
measurement ;  while  Ashmum  and  Tala  districts  in  Menufia  province 
had  been  begun.  In  all  these  districts  363,265  feddans  (152,500  hectares) 
were  completed  during  the  year.  This  was  a  very  considerable  reduc- 
tion from  that  which  had  been  completed  in  1898  and  the  difierence 
was  due  to  a  radical  change  which  was  made  during  the  year  in  the 
procedure  for  compiling  the  registers.  From  this  time  onwards  the 
Survey  Department  prepared  not  only  the  register  which  formed  the 
index  to  the  maps  but  also  the  other  one  which  was  an  index  of  proper- 
ties arranged  in  alphabetical  order  of  proprietors.  This  latter  register 
had  since  1896  been  prepared  by  the  department  of  State  Lands,  but 
this  division  of  the  work  was  found  to  lead  to  a  loss  of  time  and  was 
therefore  abandoned.  This  change  threw  a  largely  increased  amount 
of  work  on  the  staff  of  the  Survey,  since  not  only  was  the  amount  of 
records  for  each  village  doubled,  but  also  there  was  a  large  number  of 
villages  (326)  which  had  been  surveyed  under  the  old  system,  and  which 
had  been  passed  to  the  department  of  State  Lands  to  complete 
and  to  settle,  but  which  had  not  up  to  this  date  been  finished.  All 
these  were  returned  for  revision  and  completion.  In  Egypt,  small 
plots  of  land  are  constantly  changing  hands  and  as  yet  no  registration 
of  such  operations  is  obligatory ;  consequently,  the  revision  of  a 
village-map  and  land-register  when  one  or  two  years  have  elapsed 
since  the  time  when  it  was  surveyed  necessitates  alterations  in  a  very 
large  proportion  of  the  entries,  amounting  almost  to  a  re-survey. 


The  following  table  shows  the  area  which  was  thus  received  from 
the  department  of  State  Lands  in  order  that  both  maps  and 
registers  might  be  brought  up  to  date,  and  also  the  years  in  which  the 
villages  had  originally  been  surveyed  :  - 


Veur  of  siii  vey. 

Province. 

No.  of  villajres. 

Area  in  feddans. 

Total 
area  in  feddaiis. 

\m>   

Beheira  

a 

27,809 

1897   

1898  ...  ... 



39 

i 

28 

7,524 
74,021 

1  126,744 

1899   

»   

G 

17,390 

1897   

Sharqia  

2 

9,763 

9,763 

1898   

(jrharlnn  

205 

497,569 

j  651,746 

1899   

J"   

78 

154,177 

Total  ... 

326 

788,253 

788,253 

To  deal  with  the  mass  of  revision,  at  first  one  and  then  a  second 
inspectorate  of  the  Survey  had  to  be  employed,  for  the  work  of  re-assess- 
ing the  land-tax  in  the  provinces  of  Beheira  and  Sharqia  was  proceeding 
rapidly,  and  two  more  provinces  were  needed  by  the  end  of  1900. 
Fifty  subordinate  employees,  register  writers,  were  transferred  from 
the  department  of  Government  Lands  to  assist  but,  being  writers  only, 
they  did  not  greatly  increase  the  rate  of  work. 

By  the  end  of  1899  the  following  amount  of  revision  had  been  com- 
pleted : — 


Province. 

Villages. 

Area 
in  feddans. 

Beheira 
Sharqia 
Gharbia 

43 
2 
71 

116,909 
9,783 
241,120 

Total  

116 

367,812 

—  334  — 


Up  to  the  end  of  December  1899,  the  survey  of  villages  in  the 
provinces  which  had  been  commenced  stood  as  follows  : — 


Province. 

^ot  coQiui6nccd. 

Awaiting 

U  nd6r  survpy. 

Oofflpl€ted. 

1  Olil  1. 

revision. 

Beheira'.  

308 

316 

Sliarqia 

2 

387 

389 

Gliarbia  

•25 

m 

102 

189 

509 

Menufia  

37 

129 

166 

Giza   

59 

78 

137 

The  total  area  surveyed  up  to  the  end  of  this  year  was  about 
2,589,000  feddans  (1,087,000  hectares),  leaving  4,817,500  feddans 
(2,023,751  hectares)  yet  to  be  measured  and  mapped. 

Work  was  becoming  more  organized,  and  the  average  number  of 
days  occupied  in  surveying  a  given  area  had  decreased  from  what  had 
been  required,  till  now  only  3'64  days  were  needed  on  the  average  to 
map  100  feddans  (42  hectares)  and  8-15  days  to  prepare  the  correspond- 
ing land-registers. 

It  was  at  this  stage  of  the  work  that  the  scale  1  :  4,000  was  found 
to  be  inconveniently  small,  for  all  holdings  were  being  plotted,  and 
also  the  work  v»  as  being  carried  on  in  highly-cultivated  and  densely- 
populated  country. 

For  the  first  time  now  the  work  lay  in  lands  which  were  flooded 
annually,  namely,  in  Giza  province  and  here  fortunately  a  network 
of  triangulation  was  available  though  it  was  not  of  as  high  accuracy  as 
was  desirable.  A  very  low  Nile  flood  facilitated  the  survey  of  the 
basin  lands,  but  rendered  it  necessary  to  postpone  the  measurement 
of  certain  villages  in  Safi  district  on  the  east  bank  of  the  Nile,  since 
large  areas  of  them  could  not  be  cultivated.  The  principal  difliculties 
encountered  in  this  province  were,  the  existence  of  undefined  bound- 
aries both  of  property  and  of  villages  on  the  edge  of  the  western  desert; 
the  use  of  a  short  qassaba  of  about  3-50  metres  when  the  old  lists  of 
property  had  been  compiled,  which  caused  apparent  deficits  when  the 
land  was  measured  with  the  legal  qassaba  of  3-55  metres;  and  the 
large  groves  of  date-palms  in  which  not  only  was  the  land  extremely 
subdivided  but  the  land  and  the  trees  were  often  owned  by  different 
people  and  a  certain  area  was  considered  as  belonging  to  the  owner  of 
each  tree. 
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1900. 

In  this  year  work  was  somewhat  delayed  by  the  fact  of  the  Nile 
flood  having  been  exceptionally  low  in  the  previous  year.  A  part  of 
Saff  district  in  Giza  province  could  not  for  this  reason  be  cultivated 
till  after  the  flood  of  1900  and  consequently  its  survey  had  to  be 
pf)stponed  until  the  end  of  this  year.  Work  was  carried  on  in  the 
Fua,  and  Sherbin  districts  of  Gharbia,  in  all  the  districts  of  Giza  and 
in  Ashmun  district  of  Menufia  province.  These  were  almost  completed 
during  the  year  except  the  six  villages  in  Saff  district.  Triangulation 
in  the  Fayum  province  having  been  completed,  the  chain  survey  of 
it  was  taken  in  hand.  In  order  to  make  up  for  the  delay  caused  by 
the  revision  of  the  788,000  feddans  of  land  in  the  Delta  an  additional 
inspectorate  was  authorized  in  August  1900,  but  it  was  not  completely 
formed  and  trained  until  the  end  of  the  year.  The  amount  of  work 
dealt  with  in  the  twelvemonth  was  as  follows  : — 

Surveyed  in  the  field  and  plotted,  449,540  feddans. 
Land-registers  compiled,  972,214  feddans. 

The  latter  number  includes  about  646,000  feddans  of  land  which  had 
been  revised,  and  for  which  new  registers  had  to  be  prepared. 

The  rate  of  work  both  in  the  field  and  in  the  compilation  of  the 
registers  improved,  as  is  shown  by  a  comparison  with  the  number  of 
days  taken  in  the  previous  year  per  100  feddans  : — 


Year. 

Days  peu  100  feddans. 

Field  work. 

Registers. 

Total. 

1899  

1900  

3-65 
2*7 

8-15 
3-7 

11-8 
6-4 

The  northern  part  of  Gharbia  province  was  completed  in  this  year 
after  a  good  deal  of  trouble  had  been  caused  by  village  boundaries 
being  wrongly  pointed  out.  In  the  waste  lands  the  boundaries  extend 
for  miles  towards  lake  Borollos  without  any  topographical  features  to 
define  them  and  the  canals  and  drains  do  not  usually  coincide  with 
village  limits.    Traverse  lines  had  been  rim  along  what  were  said  to  be 


the  boundaries  hwt  when  the  areas  were  computed  for  each  village 
they  were  found  to  disagree  with  those  hitherto  in  use  and  thus  produced 
confusion  in  existing  records.  The  Government,  private  companies  and 
individuals  all  owned  large  blocks  of  land  in  this  semi-cultivated 
region,  which  had  been  defined  as  consisting  of  a  certain  number  of 
feddans  on  the  basis  of  an  utterly  inadequate  survey.  What  the 
Survey  Department  was  able  to  do  to  improve  matters  in  1900  did 
not  amount  to  very  much,  since  the  detail  survey  had  been  com- 
menced in  1896  without  any  triangulation,  and  these  questions  cannot 
be  wholly  decided  until  the  triangulation  now  (1908)  in  hand  is 
finished  and  a  new  detail  survey  is  made. 

1901. 

In  this  year  work  was  confined  mainly  to  the  provinces  of  Menufia 
and  Fayum,  though  a  certain  amount  of  work  was  done  to  coniplete 
the  provinces  which  had  been  under  survey  in  the  previous  year.  A 
large  area  of  waste  land  in  Sherbin  district  which  lies  in  the  north-east 
of  Gharbia  province  was  completed  during  the  summer,  as  this  part 
of  the  country  is  too  wet  to  be  surveyed  in  the  winter  months. 

In  the  Fayum  the  conditions  were  very  different  to  those  which  had 
been  met  with  in  other  provinces ;  the  land  is  watered  by  the  Bahr  Yusef 
which  enters  the  province  on  the  south-east  at  the  village  of  Lahun  at 
an  altitude  of  26-5  metres  above  sea-level.  On  entering  the  Fayum 
depression,  the  Bahr  Yusef  is  soon  divided  into  a  number  of  supply 
canals  which  carry  the  water  to  the  fields  ;  the  surplus  water  is  carried 
by  drains  to  the  lake,  the  Birket  Qarun  which  lies  at  the  north-western 
end  of  the  depression  situated  42  metres  below  sea-level,  and  is  all  that 
now  remains  of  the  ancient  Lake  Moeris,  which  at  one  time  covered 
almost  the  whole  of  the  province.  In  consequence  of  this  great  difference 
of  level  between  the  north-eastern  and  the  north-western  portions  of 
the  province,  the  water  channels  have  everywhere  a  considerable  slope 
and  form  meandering  rivulets  in  every  direction;  holdings  are  therefore 
much  more  irregular  in  shape  than  elsewhere,  and  the  work  of  surveying 
them  was  more  difficult  and  tedious.  The  streams  have  also  in  many 
places  eroded  their  beds  until  they  lie  below  the  level  of  the  cultivated 
land,  and  are  bordered  with  cultivated  holdings  on  this  lower  level;  all 
these  pecuUarities  presented  new  difficulties  to  surveyors,  who  had 
liitherto  experienced  nothing  but  level  alluvial  lands.    As  has  been 
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mentioned  in  a  previous  chapter  (XIV),  it  was  in  the  Fayum  that 
traverse  naarks  were  removed  to  an  exceptional  extent,  and  the  chain 
survey  was  repeatedly  delayed  by  the  necessity  for  replacing  those 
which  were  missing. 

1902. 

The  chain  survey  was  still  being  carried  on  in  the  provinces  of 
Fayum  and  Menufia  on  account  of  the  various  hindrances  which  had 
delayed  the  work,  but  these  provinces  were  both  to  be  re-assessed  this 
year,  so  that  it  was  ojily  by  the  greatest  exerticms  that  tlie  last  villages 
were  completed  in  time  ;  employees  had  to  be  divided  into  reliefs  and 
work  carried  on  for  as  much  as  12  and  14  hours  daily  to  complete  the 
checking  and  fair-writing  of  the  registers  by  the  dates  specified.  By 
the  end  of  the  summer,  however,  the  whole  staff  were  working  in  the 
provinces  of  Daqahlia  and  Qaliubia  where  the  work  progressed  much 
more  favourably,  since  the  triangulation  and  traverse  marks  had  been 
more  respected. 

All  work  was  carried  on  in  this  year  in  provinces  which  had  perennial 
irrigation  and  their  lands  were  therefore  under  crops  during  the 
greater  part  of  the  year.  On  the  one  hand  this  resulted  in  greater 
permanence  of  boundaries  which  facilitated  the  mapping  but  delay 
was  caused  by  the  cotton  crop  and  the  durra  crop  which  when  high 
prevented  all  surveying  work.  In  the  province  of  Qaliubia  the  feddan 
was  usually  less  than  the  legal  24  qirats,  being  very  frequently  from 
20  to  23  only,  and  in  one  village,  Sindiun  in  Qaliub  district,  a  feddan 
consisting  of  16  qirats  only  was  met  with.  In  every  case  the  land  was 
now  measured  up  in  feddans  of  24  qirats  equalling  333^  square  qassabas 
of  the  legal  size,  so  that  the  area  recorded  to  landowners  was  very 
generally  reduced  by  a  small  amount.  The  reduction  in  the  taxed  area 
of  this  province  amounted  to  about  5,650  feddans,  but  this  includes  a 
certain  area  of  canals,  etc.,  which  had  hitherto  been  taxed  but  were 
now  recorded  as  a  part  of  the  Public  Domain. 

1903. 

The  survey  of  Qaliubia  province  was  completed  in  this  year  by 
May,  91,000  feddans  having  been  under  survey  at  the  beginning  of 
the  year.  Daqahlia  province  was  less  advanced,  248,000  feddans  being 
under  survey  in  January  but  the  remainder,  amounting  to  402,240 

22 
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feddans  were  taken  up  and  completed  in  the  course  of  the  year.  After 
this  it  was  necessary  to  transfer  the  staff  to  Upper  Egypt  in  September, 
where  the  land  had  to  be  measured  before  that  of  middle  Egypt  which 
was  in  process  of  conversion  from  basin  to  perennial  irrigation ;  by  the 
end  of  the  year  all  the  villages  in  Qena  province  except  twelve  had  been 
commenced. 

Here  the  difficulties  of  surveying  land  which  was  annually  inundated 
were  again  encountered  as  well  as  others  of  a  different  kind.  The 
practice  of  considering  up-stream  and  down-stream  as  equivalent  to 
south  and  north  where  the  direction  of  the  river  is  not  approximately 
meridional  (see  p.  24)  caused  great  ambiguities  when  title-deeds  and 
descriptions  of  property  had  to  be  compared  with  the  land  itself.  The 
short  time  in  each  year  during  which  the  land  was  under  cultivation 
and  plots  could  be  measured  up,  checked  and  complaints  investigated 
necessitated  work  being  carried  on  at  very  high  pressure.  No  little 
difficulty  too  was  met  with  in  ascertaining  whether  some  of  the 
water-channels  in  the  basins  were  State  property  or  belonged  to  private 
individuals,  since  their  margins  were  frequently  ill-defined. 

1904. 

With  the  transfer  of  the  work  to  Upper  Egypt,  the  difficulty  already 
referred  to,  that  the  cultivable  lands  are  mostly  submerged  by  the 
inundation  from  the  middle  of  August,  when  the  water  begins  to  enter, 
until  November,  when  it  has  drained  off  and  the  mud  begins  to  dry, 
affected  the  work  in  every  branch  of  the  Survey. 

After  the  flood  the  inhabitants  re-mark  their  holdings  and  measure 
them  out.  The  field-work  of  the  Survey  and  the  investigation  of 
complaints  had  therefore  to  be  carried  out  during  the  period  December 
to  July  and  in  the  remainder  of  the  year  only  village  sites,  banks, 
and  small  unflooded  areas  could  be  taken  in  hand.  The  inundation  also 
interfered  with  the  work  of  the  re-assessment  commissions  so  that  the 
latest  date  for  completing  the  maps  of  any  province  by  the  Survey  was 
advanced  from  February  to  the  previous  November;  but  as  three 
months  of  the  inundation  preceded  November  this  change  meant  that 
all  investigation  in  the  field  had  to  be  finished  before  the  flood,  or  six 
months  earlier  than  heretofore.  The  pressure  of  work  was  thereby 
greatly  increased,  and  the  cost  of  such  accelerated  work  naturally 
rose. 
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At  the  commencement  of  the  year  the  whole  of  the  staff  were 
working  in  the  provinces  of  Aswan  and  Qena,  both  of  which  provinces 
were  completed  during  the  year,  and  a  considerable  area  of  Girga 
province  (294,000  feddans)  was  also  taken  up.  The  out-turn  of  the 
year  was  less  than  that  of  1903,  but  the  special  conditions  which 
exist  in  Nubia  and  Upper  Eg}i)t  fully  account  for  this.  The  delay 
caused  in  the  survey  of  basin  lands  by  the  annual  flood  has  been 
alluded  to ;  but  the  flooding  of  the  basins  and  the  deposition  of  silt 
from  the  impounded  water  also  made  it  extremely  difiicult  to  find  the 
iron  marks  placed  by  the  traversers.  In  Upper  Egypt  they  were 
very  commonly  removed  for  their  value  as  iron,  and  therefore  it  was 
essential  that  they  should  be  set  low  in  the  ground  so  as  to  be 
inconspicuous,  which  rendered  them  particularly  difficult  to  find  after 
the  flood. 

Above  Aswan  and  from  there  to  Wadi  Haifa  the  Nile  Valley  is  very 
narrow ;  no  continuous  belt  of  cultivation  exists,  but  only  isolated 
patches  occur  of  greater  or  less  extent  and  always  of  very  narrow 
width,  seldom  exceeding  two  or  three  hundred  metres.  For  long 
distances  the  sandstone  cliffs  and  the  drift-sand  of  the  desert  come 
down  to  the  water's  edge.  The  alluvial  plain  here  is  everywhere  high 
and  is  never  topped  by  the  flood  though  the  water  of  the  Aswan 
reservoir  now  submerges  it  for  about  60  or  70  kilometres  during  the 
first  five  months  of  the  year. 

"Land  tenure  in  Nubia*  differs  from  that  of  other  parts  of  Egypt 
in  that  plots  are  usually  owned  and  occupied  by  a  number  of  indi- 
viduals, and  are  recorded  in  the  name  of  the  bailiff  (kholi)  as 
"  So-and-so  (the  kholi)  and  company  ".  These  plots  vary  in  size  up  to 
about  25  feddans  and  are  distinguished  by  the  name  of  saqia.f  A 
saqia  will  often  consist  of  a  long  group  of  huts  on  the  desert  edge 
together  with  the  cultivated  land  between  them  and  the  river.  The 
saqia  was  presumed  to  be  a  plot  of  land  which  could  conveniently 
be  irrigated  by  one  water-wheel,  but  now  additional  wheels  are  often 
added. 

"In  the  district  of  Derr  until  comparatively  recently  large  areas  of 
land,  often  comprising  whole  villages,  were  claimed  by  the  kashef, 


•  Communicated  by  Mr.  G.  H.  Morgan. 
f  Water-wheel. 
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wlio  constituted  himself  an  authority  who  collected  taxes  and-tribute 
from  the  villagers  and  administered  justice.  The  kashef  family  is  still 
represented  in  Mohd.  Suleiman  Kashef,  who  resides  at  El  Diwan,  and, 
although  he  no  longer  has  any  official  status,  he  is  still  respected  as  a 
power  by  many,  who  continue  to  pay  him  voluntary  tribute. 
.  "During  the  detail  survey  in  1904  lands  were  found  in  the  villages  of 
Tomas  wal  Afia,  Korosko,  Abu  Handal,  Tinqala  and  El  Riqa  which 
were  registered  in  the  name  of  the  kashef  as  owner  and  occupier,  but 
upon  enquiry  it  was  stated  that  the  kashef  was  only  the  nominal 
occupier  who  previously  collected  the  taxes  from  cultivators  and 
paid  them  to  the  Government,  but  that  the  present  occupiers  had 
inherited  the  lands  from  their  ancestors  for  some  time  back  and  were 
now  paying  their  taxes  direct. 

"An  interesting  question  arises  as  to  whom  the  lands  actually  belong. 
The  Survey  recorded  the  names  of  the  permanent  occupiers,  but  this 
decision  was  afterwards  reversed  by  the  mudiria  upon  appeal  by  the 
kashef." 

1905. 

The  provinces  of  Girga  and  As^iut  were  now  under  survey,  and  an 
area  of  499,000  feddans,  having  been  already  completed  in  the  field 
in  the  previous  year,  had  now  to  be  recorded  in  land-registers. 

The  area  to  be  completed  during  the  year  was  roughly  800,000 
feddans,  and  to  accomphsh  this  it  was  necessary  to  maintain  the 
staff  of  most  of  the  inspectorates  above  the  average  strength  of  thirty 
surveyors.  In  spite  of  the  increased  staff  it  was  found  necessary  to 
increase  the  hours  of  work  during  the  late  summer  and  autumn  in  order 
that  the  records  of  Assiut  province  might  be  completed  and  sent  in, 
and  every  inspectorate,  without  exception,  had  to  resort  to  overtime 
work  at  night. 

Not  only  was  the  amount  of  work  to  be  done  during  the  year  excep- 
tionally large,  but  there  were  also  difficulties  in  Assiut  province  which 
had  not  been  met  with  in  previous  years.  The  greatest  of  these  was  the 
excessive  amoimt  of  transfers  of  land  between  villages  ;  in  one  district 
alone  there  were  24,000  cases  requiring  special  investigation  and 
checking,  and  in  several  other  districts  properties  were  nearly  as 
much  scattered,  especially  in  those  of  Abnub,  Abu  Tig,  and  Badari. 
The  boundaries  of  villages  had  sometimes  to  be  altered  in  order  to 
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avoid  the  occurrence  of  detaclied  portions  but  it  was  often  difficult 
to  decide  upon  a  new  boundary  which  should  be  satisfactory  to  all 
concerned  without  a  considerable  loss  of  time.  In  many  cases  also, 
the  lands  of  two  or  more  villages  were  so  much  intermixed  that  it  was 
impossible  to  survey  them  otherwise  than  as  one  village. 

The  area  surveyed  during  the  year  amounted  to  a  total  of  868,600 
feddans,  which  was  an  increase  of  288,600  feddans  on  the  out-turn  of 
the  previous  year.  This  increase  is  due  partly  to  the  increased  staff, 
but  also  to  the  high  pressure  at  which  work  was  carried  on  during  the 
whole  year. 

The  province  of  Girga  was  completed  in  July  1905,  and  that  of 
Assiut  in  December. 

The  lands  of  Minia  province  were  commenced  in  May,  1905,  and  by 
<  he  end  of  the  year  373,000  feddans  had  been  completed  in  the  field. 

The  province  of  Beni  Sucf  was  taken  up  in  the  autumn,  and  220,000 
feddans  were  completed  by  the  end  of  the  year. 

Considerable  delay  was  caused  both  in  Minia  and  Beni  Suef  provinces 
by  postponing  the  survey  of  the  villages  in  which  the  lands  of  the  Daira 
Sania  Company  were  situated,  until  December,  since  the  purchasers 
had  not  taken  delivery  of  their  land  before  and  it  was  not  possible 
to  proceed  with  its  measurement  until  they  had  done  so. 

No  little  difficulty  was  experienced  in  the  basin  lands  of  Upper  Egypt 
and  especially  in  those  of  Assiut  province  in  the  determination  of  field- 
boundaries  ;  the  villagers  themselves  could  seldom  locate  their  own 
lands,  so  that  the  annual  measurements  and  demarcations  were  made 
for  them  by  the  village  "  dallal."  With  regard  to  the  top  and  bottom 
limits  of  the  plots  there  was  seldom  any  (|uesti()n,  but  endless  disputes 
arose  over  the  side  boundaries. "  The  "  dallal  "  used  a  book  of  measure- 
ments and  records  dating  from  the  cadastre  of  Bahgat  Pasha  made  in 
1854-1859,  and,  with  the  qassaba  rod  measured  off  the  widths  of 
each  man's  strip  ;  but,  unfortunately,  the  totals  of  these  as  actually 
measured  did  not  tally  with  the  recorded  total  of  the  qibala  or  hod. 
Owners  having  deficits  naturally  protested,  while  those  having  excess 
maintained  that  the  measurements  were  correct.  A  re-measurement 
would  be  made  and  a  few  centimetres  deducted  from  each  qassaba  in 
order  to  adjust  the  totals  by  practically  reconstituting  by  this  means 
the  length  of  qassaba  used  in  the  old  survey. 
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These  annual  re-measurements  also  caused  considerable  delay  to 
the  Survey ;  for  example,  a  qibala  or  hod  would  be  demarcated  by 
stones  at  the  top  and  bottom  of  fields,  the  surveyor  having  been 
informed  that  these  constituted  definite  boundaries,  would  complete 
his  work ;  it  would  then  happen  that  a  dispute  over  areas  would 
arise  and  the  whole  qibala  would  be  re-measured  by  the  dallal  and  the 
field  boundaries  altered.  Check  lines,  when  measured,  frequently 
showed  that  the  map  as  plotted  was  wrong,  but  from  indications  on 
the  ground  it  was  clear  that  the  survey  was  right  according  to  the 
limits  as  at  first  shown,  but  that  the  boundary  stones  had  been  moved 
while  the  surveyor  was  at  work  in  another  part  of  the  village.  It  was 
difficult  to  get  all  the  occupiers  to  be  present  at  the  time  of  survey, 
for  the  villagers  in  general  had  more  confidence  in  the  "  dallal  "  than 
in  the  surveyor  and  did  not  trouble  to  ascertain  whether  the  points 
taken  by  the  latter  represented  their  boundaries  or  not.  This  was  par- 
ticularly the  case  in  the  village  of  El  Saliel  in  El  Badari  district,  where 
all,  from  the  "  omda  "  downwards,  admitted  that  the  "  dallal  "  was 
the  only  man  in  the  village  who  knew  where  their  lands  were,  and 
maintained,  therefore,  that  it  was  unnecessary  for  them  to  be  present. 
On  one  occasion  the  "  dallal "  fell  sick  and  the  survey  had  to  be 
suspended  till  he  recovered. 

1906. 

The  cadastral  survey  of  the  country  would  have  been  completed  in 
this  year  but  the  irrigation  conversion  works  in  Beni  Suef  province 
were  not  finished  before  the  Nile  flood  commenced.  Certain  villages 
therefore  had  to  be  left  until  the  river  fell  and  their  maps  and  registers 
were  completed  in  the  early  part  of  1907.  By  the  end  of  June,  1907, 
the  last  village  was  sent  in  and  the  large-scale  survey  of  the  cultivable 
lands  of  Rgyi^t  was  completed  in  nine  years  from  the  formation  of  the 
Survey  Department  in  July  1898  and  16  years  from  the  commencement 
of  the  State  Lands  Survey  in  1892.  The  work  had  now  advanced  to  a 
much  higher  standard  than  during  the  early  years  of  its  existence  and 
the  maps  of  Sharqia,  Beheira  and  Gharbia  left  much  to  be  desired  when 
compared  with  those  of  Daqahlia,  Qaliubia  and  of  Upper  Egypt.  At 
the  meeting  of  the  General  Assembly  on  April  12, 1905  the  member  for 
Sharqia  province  proposed  that  the  Government  should  be  requested 
to  undertake  a  re-survey  of  the  province.    This  was  taken  in  hand 
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AS  soon  as  stall  was  available  from  Beni  Suef,  and  was  finished  this 
year  1908.    Beheira  province  is  now  in  hand. 

1907. 

At  the  end  of  the  year  the  strength  of  the  cadastral  staff  was 
as  follows : — 

1  director, 
7  inspectors, 
58  engineers, 
260  surveyors. 

Cost  op  Work. 

Much  depends  on  the  rate  of  salaries  paid  and  in  some  countries 
insurances  or  contributions  to  pension  funds  are  included.  Also  the 
triangulation  which  is  utilized  for  the  large  scale  land-survey  is  also 
used  for  topographical  maps  and  other  purposes.  In  this  chapter  the 
cost  of  field-work  includes  salaries  of  engineers,surveyors  and  chainmen, 
of  computers  and  checking  staff,  and  all  expenses  incurred  until  the 
maps  have  been  inked  in  and  the  plot  areas  computed ;  while  that 
of  compiling  the  registers  includes  the  cost  of  all  work  done  in 
collecting  names  of  owners,  writing  up  the  registers,  checking  them, 
investigating  objections  and  preparing  fair  copies. 

It  is  difficult  to  give  such  an  estimate  of  the  cost  of  the  chain -survey 
as  can  be  compared  with  similar  work  in  other  countries.  From  1892 
to  1896  the  cost  of  the  field-work  was  not  kept  separate  from  that  of 
compiling  the  registers.  For  1896,  the  amount  of  each  kind  of  work 
is  given,  but  not  the  separate  cost.  In  1898  the  Survey  Department 
was  formed  and  changes  were  introduced  in  the  procedure.  In  1899, 
the  transfer  of  all  the  registers  to  the  Survey  Department  necessitated 
the  revision  of  some  800,000  feddans  which  had  previously  been 
surveyed  and  this  greatly  disorganized  the  regular  work  throughout 
1899  and  1900,  as  already  related. 

It  was  only  in  1901  that  the  conditions  of  work  became  normal, 
and  the  results  of  this  and  subsequent  years  can  be  compared,  as  in 
the  following  table  : — 
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Time  and  Cost  of  Chain  Survey  of  100  feddaks  (42  hectabes). 


Year. 

Days. 

L.E.  Mill. 

1901  

5'4 

1 

428 

1902   

5'9 

1 

400 

1903   

5-0 

1 

155 

1904   

5-3 

1 

171 

1905   

3-7 

0 

854 

1906   

3-3 

0 

713 

1907   

6-6 

1 

630 

In  this  cost  is  included  the  cost  of  the  chain  survey  and  the 
plotting  and  inking-in  of  the  map ;  also  the  salary  of  the  engineer  who 
superintended  the  work,  but  not  that  of  the  inspector. 

The  cost  of  the  work  at  first  fell  steadily  as  the  organization  improved, 
in  spite  of  increasing  salaries,  but  recently  these  have  caused  a  rise 
in  the  figure,  while  the  introduction  of  several  improvements,  which 
only  became  possible  when  the  stringent  conditions  of  time-limit 
came  to  an  end,  has  tended  in  the  same  directicm  ;  of  these  the  prin- 
cipal ones  are  the  preparation  of  a  special  report  on  each  plot  owned 
by  several  persons  in  shares,  and  the  computation  of  some  areas 
by  mensuration.  The  following  table  gives  the  average  number  of 
inspectors,  engineers  and  surveyors  employed  in  each  of  the  eight 
years  1900-1907 :— 


litOO. 

I'.tOl. 

]902. 

1903. 

I90+. 

1905. 

1906. 

1907. 

Insijcctors  

Engineers  

Surveyors  

7 
43 
212 

8 
42 
227 

It 

37 
247 

45 
222 

y 

65 
240 

10 

67 
246 

!) 
59 
249 

10 

62 
278 
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CHAPTER  XVII. 
Land-Registers. 

The  land-register  had  from  very  early  times,  as  we  have  seen,  con- 
tained the  record  of  each  landowner's  property  together  with  a  certain 
amount  of  additional  information  which  varied  with  the  special  object 
for  which  the  register  was  maintained,  as  well  as  with  the  care  devoted 
to  the  work.  The  area,  the  nature,  and  the  value  of  the  land,  the 
owner's  name,  the  amount  of  tax  due  from  it  to  the  State,  either  in 
kind  or  in  money,  can  be  conveniently  inscribed  in  a  register,  but  its 
location  can  only  be  approximately  defined.  No  guarantee  is  possible 
that  one  piece  is  not  included  in  the  property  of  two  individuals,  or 
that  other  portions  have  not  been  omitted  altogether.  This  safeguard 
is  furnished  by  maps  alone,  to  which  the  land-register  is  comple- 
mentary, being  at  the  same  time  an  index  to  the  map  and  supplying 
much  information  that  could  not  conveniently  be  inserted  on  the  plan 
of  a  piece  of  land.  The  two  therefore  supplement  each  other  and  both 
are  essential  to  a  complete  and  efficient  registration  of  landed  property. 

The  indications  furnished  by  a  land-register  may  be  regarded  from 
two  different  points  of  view,  viz.,  the  fiscal  and  that  of  the  landowner. 
In  the  first  case  the  area  and  the  value  of  the  land  is  of  the  principal 
importance  in  order  that  the  State  may  ascertain  the  amount  of  tax 
due  from  the  land,  and  the  person  by  whom  it  is  to  be  paid  ;  in  the 
second  case  the  landowner  desires  to  know  the  location,  the  dimen- 
sions, the  shape  and  the  area  of  his  land  that  he  may  preserve  it  from 
encroachment,  as  well  as  the  rate  of  tax  levied  on  it ;  these,  when 
accurately  recorded  by  competent  authority,  furnish  a  basis  for  the 
legal  registration  of  his  title  to  the  land  and  of  his  right  to  hold  it  or 
to  dispose  of  it  to  another. 

As  we  have  already  seen  in  Chapter  IV  the  land-registers  of  ancient 
Egyptian,  Graeco-Roman  and  Arab  times  took  count  of  the  land- 
owner's requirements  as  fully  as  the  fiscal  ones  of  the  State ;  or,  to 
state  it  more  correctly,  the  same  system  was  employed  continuously, 
with  but  little  change,  as  had  grown  up  in  early  times  when  the  first 
need  was  that  of  the  landowner  to  measure  and  record  his  boundaries, 
while  organized  taxation  by  a  central  authority  did  not  arise  until 
later,  and  then  use  was  made  of  the  existing  system  of  registration. 
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Occasional  references  in  ancient  papyri,  on  ostraca  and  in  the 
papyri  of  Grseco-Roman  date  from  the  Fayum,  Bahnessa  and  elsewhere 
which  have  been  already  alluded  to,  and  the  Arabic  cadastral  registers 
are  all  in  essentially  the  same  form  ;  the  dimensions  of  each  plot  are 
given,  together  with  the  area  deduced  from  them,  and  also  the  name 
of  the  owner  and  the  class  of  land.  From  this  information,  on  the 
one  hand  the  landowner  knew  the  dimensions  and  the  area  of  his 
land,  and  on  the  other  the  State  could  calculate  the  amount  of  tax 
due  from  it.  Its  faults  lay  in  the  inaccuracy  of  the  measurements 
and  the  erroneous  character  of  the  computation  of  the  areas.  The 
control  of  the  detailed  measurements  by  others  of  a  different  kind  and 
of  higher  precision  with  the  object  of  preventing  the  accumulation  of 
errors,  which  is  the  principal  feature  of  modern  land-measurement, 
was  not  practised  in  earlier  times  so  far  as  is  known.  The  special 
convenience  of  recording  the  dimensions  of  plots  has  already  been 
discussed  (see  page  70)  for,  in  the  basin  lands  which  were  flooded 
annually  by  the  Nile,  holdings  were  measured  up  and  marked  out 
every  autunm  as  soon  as  the  water  had  drained  off  and  the  ground 
was  sufficiently  dry.  In  this  process  the  lists  of  land  which  were  kept 
in  each  village  were  indispensable,  for  they  contained  the  breadth  of 
each  plot  as  measured  along  certain  lines,  and  the  length  was  also 
recorded  at  short  intervals.  With  their  aid,  therefore,  the  holdings 
were,  and  still  are,  rapidly  reconstituted  each  year,  the  annual  repeti- 
tion of  an  operation  which  dates  from  the  highest  antiquity. 

The  causes  which  led  to  the  commencement  of  a  cadastral  siirvey  in 
1878. were  essentially  financial,  and  those  too  which  determined  the 
development  of  the  State  Lands  Survey  of  1892-1896  into  a  cadastral 
survey  in  1897  were  of  a  similar  kind  ;  in  each  case  the  urgent  necessity 
for  an  equitable  re-assessment  of  the  land-tax  necessitated  the  execution 
of  a  land-survey  in  as  short  a  time  as  possible,  which  would  enable 
this  financial  reform  to  be  carried  out.  To  have  recorded  also  the 
dimensions  of  each  holding  would  have  materially  delayed  the  re- 
assessment, so  that  the  fiscal  aspect  was  given  the  greater  weight, 
and  though  the  holding  of  each  landowner  was  accurately  plotted  on 
the  maps,  this  was  of  less  practical  value  to  the  small  landowners  than 
the  older  system  which  stated  the  dimensions,  for  it  required  more 
knowledge  to  measure  them  on  a  map  with  a  scale  than  to  take  them 
from  a  written  document  and  the  result  could  not  be  so  accurate. 
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Thus  we  find  to-day  in  the  villages  of  Upper  Egypt  that  the  plots 
in  the  basin  lands  ^re  still  laid  out  yearly  with  the  aid  of  the  land 
lists  of  1854-1859,  and  not  by  reference  to  the  new  maps.  On  the 
other  hand,  in  parts  where  perennial  irrigation  exists  and  field 
boundaries  consequently  remain  visible  throughout  the  year,  the  maps 
are  used  with  more  faciUty. 

In  1880  the  Cadastre  commenced  to  prepare  a  land-register  in  a 
form  which  differed  considerably  from  that  previously  in  use,  there 
being  pages  ruled  with  columns  for  different  classes  of  information 
instead  of  the  short  description  of  each  holding  which  had  been  the 
characteristic  form  of  all  previous  lists  for  many  centuries.  The  new 
form,  which  was  actually  an  index  to  the  maps,  as  well  as  the  second 
register,  the  property-index  which  was  introduced  in  1883,  were 
designed  to  furnish  a  complete  account  of  all  the  cultivable  lands. 
As  has  been  already  related  in  Chapter  VII  no  province  was  ever 
completed,  although  the  maps  and  registers  of  654  villages  were 
compiled  and  sent  to  the  Ministry  of  Finance,  so  that  no  new 
tax-registers  were  compiled  from  them. 

When  the  survey  of  State  lands  in  Sharqia  province  was  commenced 
in  1892  the  existing  registers  were  based  on  those  prepared  in  the  old 
way  under  Bahgat  Pasha  in  1854-1859,  and  which  had  been  revised 
from  time  to  time. 

In  1896-1897,  when  the  work  was  being  systematized  with  a  view 
to  carrying  out  a  general  land-measurement,  considerable  alteration 
was  made  in  the  form  of  the  register. 

In  the  central  office  of  each  province  the  land-tax  register  of  every 
village  in  it  is  kept  and  is  known  as  the  "  mukallifa."  In  its  present  form 
it  consists  of  a  large  book,  34  cm.  by  44  cm.,  having  each  opening  ruled 
into  27  columns  which  contain  various  information  about  the  property 
of  each  landowner,  and  the  amount  of  tax  which  in  due  from  him. 

A  list  of  tax-payers  and  the  amount  due  from  each  is  taken  from 
this  register,  and  kept  in  the  village  by  the  tax  collector  to  guide 
him  in  collecting  the  taxes  due  from  each  landowner. 

The  object  of  the  cadastral  survey  of  each  village  was  to  verify  and 
correct  this  information.  It  was  well  known  that  clerical  errors, 
miscopying,  incorrect  computation,  and  occasionally  wilful  falsifica- 
tion, had  introduced  numerous  inaccuracies,  so  that  entries  could 
not  be  accepted  as  being  probably  accurate  but  had  to  be  verified  and 
brought  up  to  date  on  the  ground.    This  verified  information  was 
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then  entered  in  a  register  of  a  somewhat  different  form  from  which  a 
new  "  mukaUifa  "  was  afterwards  compiled  in  the,Mudiria. 

The  form  of  land-register  (daftar  el  Messaha)  used  since  1897  is 
given  below,  where  the  columns  in  each  opening  are  enumerated. 
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Colunm  No.  1  contains  the  number  of  the  hod  commencing  with 
the  first  hod  and  when  all  its  plots  have  been  recorded  the  second 
hod  is  similarly  entered,  and  so  on  throughout  the  whole  village. 

Before  1899  there  were  the  old  hods  which  had  been  long  in  existence  ; 
after  this  date  new  and  smaller  hods  were  made  by  the  surveyors  with 
the  aid  of  the  village  authorities.  In  the  provinces  of  Sharqia,  Beheira 
and  part  of  Gharbia  which  had  large  hods,  the  subdivision  of  them 
was  carried  out  by  the  re-assessment  commissions  in  the  course  of  their 
work.  The  names  and  numbers  recorded  on  the  cadastral  maps  were 
maintained,  but  the  subdivisions  which  were  found  to  be  necessary 
were  described  as  Qism  1,  Qism  2,  etc. 

Column  No.  2  contains  the  number  of  the  plot ;  these  numbers  are 
given  so  as  to  run  as  nearly  as  possible  consecutively  in  the  hod,  so 
that,  for  instance,  on  the  map  plot  No.  5  usually  lay  between  plots 
Nos.  4  and  6  if  possible,  and  in  any  case  was  close  to  them.  It  was 
never  laid  down  very  precisely  what  was  to  constitute  a  separate  plot. 
In  the  State  lands  survey  this  was  not  important  since  Government 
property  and  private  properties  of  more  than  thirty  feddans  alone  were 
mapped,  smaller  holdings  being  measured  up  and  recorded  only.  If 
they  were  very  small  it  was  the  usual  practice  to  include  several  to 
form  a  single  large  plot.  When  the  cadastral  survey  was  begun  each 
separately-owned  portion  of  land  was  supposed  to  be  shown,  but  the 
rule  was  not  rigidly  adhered  to  until  1899  when  the  present  Survey 
Department  had  been  formed.  The  scale  of  the  map  was  then  increased 
to  1 : 2,500,  in  order  that  the  smallest  holdings  might  be  plotted. 
The  average  size  of  a  plot  is  about  two  feddans  but  about  fort}' 
per  cent,  of  them  are  under  half  a  feddan  (0-21  hectare)  and  the 
smallest  plot  that  is  commonly  met  with  is  about  4  sahms  {x-^^^  of 
a  feddan  =  29- 17  square  metres). 

Column  No.  3  contains  the  area  of  the  plot  in  feddans,  qirats  and 
sahms,  the  result  of  two  graphical  measurements  which  are  made  as 
described  in  Chapter  XV,  and  checked  by  comparison  with  the 
computed  airea  of  the  sheet  and  of  the  village. 

Column  No.  4  gives  the  area  of  each  class  of  land  in  a  plot  where 
there  was  more  than  one. 
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Column  No.  5  contains  the  indications  "kharagi"  and  "ushufi"  which 
were  used  during  the  survey  to  indicate  to  which  of  the  two  classes 
of  land  (see  p.  60)  the  plot  belonged.  As  soon  as  the  re-assessment  of 
the  land-tax  had  been  completed  and  the  new  rates  had  come  into  force 
this  distinction  disappeared,  and  this  column  became  unnecessary. 

Column  No.  6  contains  the  name  of  the  old  hod  in  which  the  plot  lay 
before  the  new  division  of  hods  was  made ;  this  information  was  not 
always  obtainable. 

Columns  Nos.  7  and  8  contain  the  permanent  and  temporary  rates  of 
land-tax  respectively.  In  each  case  the  rate  of  tax  and  the  area 
which  carried  this  rate  are  inscribed. 

In  the  next  three  columns  the  owner  of  the  plot  is  recorded.  He 
might  be  either  registered  as  the  owner  in  the  registry  of  the  Courts  or 
be  the  owner  by  purchase  or  inheritance  without  having  registered 
his  title.  Until  November  1899  both  the  registered  owner  (sahib  el 
taklif)  and  the  present  occupier  *  (wadaa  el  yad)  were  recorded.  There 
was  no  little  difficulty  in  doing  this,  for  the  owner  whose  name  was 
registered  was  often  dead  and  the  present  occupiers  were  his  heirs, 
or  others  who  had  purchased  from  him  or  his  descendants.  The  old 
register  gave  the  name  of  such  registered  owners,  but  it  was  often 
extremely  difl&cult  in  the  absence  of  definite  boundaries  to  locate  on 
the  ground  the  property  that  they  had  formerly  owned  and  which 
probably  had  since  been  much  divided.  The  registered  owner  is  now 
only  recorded  in  cases  of  mortgage. 

Columns  Nos.  9  and  10  give  information  about  the  registered  owner 
and  unregistered  occupier  as  they  were  recorded  in  the  "mukallifa" 
at  the  Mudiria.  The  names  were  frequently  no  longer  correct,  because 
the  land  had  very  often  changed  hands  by  inheritance,  by  sale,  by 
exchange,  or  in  some  other  manner  since  the  original  entry  was  made. 

Column  No.  11  therefore  contains  the  name  of  the  permanent 
occupier  as  found  at  the  time  of  survey  but  it  was  necessary  for  him 
to  be  in  permanent  occupation  and  not  merely  a  tenant.  The 


*  He  had  to  bo  in  pennaneiit  occupation  and  not  merely  a  tenant. 


character  of  his  ownership,  whether  by  purchase  or  otherwise  is  recorded 
in  column  No  12. 

Since  plots  are  so  frequently  owned  in  share  by  two  or  more 
proprietors  who  have  not  made  any  definite  division  of  the  land,  but 
possess  a  certain  fraction  of  the  area,  it  is  necessary  to  furnish  details 
of  such  conjoint  possession  which  are  given  in  column  No.  13,  where 
the  names  of  the  partners,  the  proportional  share  claimed  by  each, 
and  the  area  consequently  due  to  each  of  them  are  all  inscribed. 

The  remainder  of  the  form  is  taken  up  by  a  wide  column  of  remarks 
in  which  all  additional  explanations  were  inserted.  These  included 
mention  of  any  law-suit  or  dispute  concerning  the  plot,  mortgages, 
note  of  wrong  entry  in  old  register,  explanation  of  the  plot  being 
transferred  from  the  register  of  another  village,  any  special  information, 
and  the  initials  of  the  inspector  if  any  alteration  had  been  made  in 
the  entry.    In  this  case  the  nature  of  the  alteration  was  specified. 

This  land-register  (daftar  el  messaha)  was  therefore  an  index  to 
the  map,  the  entries  being  arranged  first  in  order  of  hods  and  then  in 
order  of  plots  in  each  hod.  It  contained  the  rates  of  tax,  the  names 
of  past  and  present  owners,  and  the  shares  held  by  partners  in  a 
plot.  When  completed,  the  areas  of  plots  were  totalled  to  give  the 
area  of  each  hod,  and  from  these  the  total  area  of  the  lands  of  the 
village  was  obtained.    This  total  was  also  divided  so  as  to  show : — 

The  area  of  tax-paying  land  ; 

The  area  of  untaxed  land,  which  was  subdivided  into :  — 
the  area  occupied  by  the  village  buildings  ; 
the  area  of  the  State  lands  ; 
the  area  of  the  Public  Domain. 

The  second  land-register  (mizzania)  contained  the  same  information, 
but  differently  arranged  in  order  to  show  the  land  which  belonged  to 
each  landowner,  the  different  rates  of  tax  due  from  each  portion,  and 
thus  the  total  area  of  his  property  in  the  village  and  the  total  tax 
due  from  him  to  the  State.  This  register  was  of  the  same  size  as  the 
land-register,  and  when  finished  was  bound  up  with  it. 


(Translation). 

Province  

District  — ■ —  

Village  — 

MIZZANIA. 


NumliiT 
of 

Property 

Name 
and  Number 
of  Hod. 

NumlKir 
of 
each 
plot. 

Names  op  Occupibus. 

Abba. 

Actual. 

Registered 
in 

Mukallifa. 

Kharagi. 

Ushuri. 

Public  Utility. 

Government 
Lands. 

Feds. 

Qir.  Srtis. 

Feds.   Qip.  Sms- 

Feds. 

Qir. 

Sms. 

Feds- 

Qir. 

Sms. 

Feds. 

Qir.  Sms. 

«1 


I 


(Index  of  Properties). 


Taxes. 

Area 

DiPPERENCE. 

Temporary. 

Final. 

owned  by 
each  name 
in  every  hod. 

Exce.«s. 

Deficiency. 

It  K  M  A  li  K  S. 

Feds.  Qir.    Sms.    I.E.  M. 

Feds. 

Qir.    Sms-    I.E.  M. 

Feds.    Qir.  Sms- 

The  old  land-registers  were  everywhere  very  incorrect,  since  not 
only  had  inaccurate  measurements,  errors  of  copying  and  other 
mistakes  crept  in  gradually,  but  property  was  constantly  changing 
hands  by  inheritance,  gift  or  purchase,  without  the  transfer  being 
regularly  registered.  The  primary  object  of  the  survey  was  to  obtain 
a  record  of  the  actual  ownerhsip  at  the  time  of  survey,  and  also  to 
locate  each  property  with  reference  to  the  neighbouring  ones.  It 
had  to  be  admitted  that  the  existing  record  was  often  incorrect  and 
other  evidence  of  ownership  had  therefore  to  be  accepted.  The  Survey 
had  no  legal  authority  to  decide  in  cases  of  dispute,  nor  did  the  act  of 
recording  any  one  as  the  permanent  occupier  give  him  any  title  to 
the  piece  of  land.  Such  a  record  only  amounted  to  a  statement  that 
on  the  date  of  the  survey  he  was  found  to  be  in  occupation  of  the  land 
and  not  only  a  tenant  of  it ;  moreover,  that  in  paying  tax  for  it  or 
possessing  a  title-deed  or  some  other  document  to  show  how  he  had 
acquired  it,  he  had  produced  some  evidence  of  the  permanent  nature  of 
his  occupation.  Whether  he  had  a  better  right  to  the  land  than  any- 
one else,  or  whether  he  had  obtained  it  fraudulently  was  not  investi- 
gated, since  the  survey  was  for  fiscal  purposes  and  had  no  judicial 
powers  ;  the  land  had  to  provide  the  annual  tax  which  was  to  be  paid 
to  the  State,  and  the  permanent  occupier  was  responsible  for  paying  it. 
If  it  was  not  paid,  the  State  could  seize  so  much  of  the  land  as  was 
necessary  to  pay  the  taxes  due  from  it.  The  kinds  of  evidence  which 
were  utilized  for  ascertaining  the  permanent  occupier  in  doubtful 
cases  were : — 

(1)  The  old  land-tax  register  (mukallifa) ; 

(2)  The  occupation  of  the  land  at  the  time  of  survey  ; 

(3)  The  possession  of  title-deeds  whether  registered  or  not ; 

(4)  Statements  of  the  sheikhs  oi'  the  "  dallal  " ; 

(5)  Statements  of  the  neighbouring  owners. 

The  first  of  these,  the  "  mukallifa,"  was  far  from  reliable  when  the 
survey  of  a  province  was  undertaken  for  the  first  time,  but  in  the  case 
of  those  provinces  in  which  the  maps  are  now  being  revised,  having 
been  originally  surveyed  by  the  State  Lands  Survey  between  1892 
and  1896,  it  has  much  greater  weight.  Here  the  mistakes  of  the  older 
registers  were  remedied  at  the  time  of  the  earlier  survey,  and  taxes  have 
now  been  collected  for  twelve  to  fifteen  years  on  the  basis  of  the 
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statements  recorded  in  the  land-register  whicli  was  then  prepared,  so 
that  the  onus  of  proving  inaccuracies  in  it  now  rests  mainly  on  the 
proprietor.  It  would  not,  however,  be  correct  to  say  that  no  new 
errors  have  crept  in  during  tliis  period ;  on  the  contrary,  the  recent 
le-ineasurement  of  the  province  of  Sharqia  involved  a  minute  checking 
of  the  registers  with  the  holdings  on  the  ground,  and  a  good  many 
clerical  errors  were  found  to  have  occurred.  Plots  on  transfer  have 
been  recorded  as  being  in  a  wrong  "hod";  areas  have  been  incorrectly 
entered  etc.;  so  that  there  were  a  considerable  niimber  of  such  mistakes 
to  be  remedied. 

A  statement  of  the  plots  in  the  registers  of  Sharqia  province  which 
weie  found  on  re-survey  to  have  been  misplaced  between  1896  and 
1908  is  given  below: — 


Name  of  DiBtrict. 

Total  No.  of  plots. 

Nu.of  plots  misplaced. 

No.  of  villages 
concerned. 

Belbeis   

Faqus   

Hehia   

Kafr  Sacn-   

Mina  el  Qamh   

Zagazi<r  

3G,159 
37,598 
21,923 
31,340 
35,659 
39,501 

496 
2,500 
1,842 
2,201 
2,810 
4,791 

GO 
45 
52 
53 
85 
68 

Totals  

202,200 

14,(!40 

363 

Since  the  permanent  occupier  is  being  recorded,  the  evidence  of 
l)eing  in  actual  possession  of  and  cultivating  a  plot  of  land  should  be 
a  good  guide  to  the  .surveyor ;  but  here  also  some  precautions  are 
necessary.  He  must  not  be  merely  a  tenant,  renting  the  land  from 
the  real  owner,  though  it  is  a  common  practice  of  proprietors  who  own 
some  land  and  rent  more,  to  indicate  a  portion  of  the  rented  land  as 
their  own  in  order  that  they  may  be  recorded  in  their  name.  It 
is  also  very  common  for  a  proprietor  to  own  plots  of  land  which 
are  widely  separated  from  one  another  and  situated  in  distant  parts 
of  the  village.  He  then  not  infrequently  arranges  with  another  owner 
whose  land  is  similarly  distributed  that  they  shall  effect  a  temporary 
exchange  of  plots  so  that  A  will  cultivate  one  or  more  belonging  to 
B  but  which  are  near  to  ^'s  hand,  while  B  cultivates  other  plots  of  A'a 
which  lie  near  to  him.    This  arrangement  may  be  renewed  for  years 


without  the  plots  ever  definitely  changing  hands,  and  if  care  is  not 
exercised  they  may  be  recorded  as  being  the  property  of  the  wrong 
owner. 

The  possession  of  title-deeds  should  be  conclusive  evidence,  but  in 
many  cases  they  tend  to  confuse  rather  than  to  simplify  the  matter. 
If  they  are  imregistered  it  is  difficult  to  verify  their  date  and  not 
infrequently  they  have  been  fabricated  in  order  that  they  may  be 
produced  before  the  survey  officials ;  if  registered,  the  description 
of  the  property  and  of  its  boundaries  is  usually  so  vague  and  indefinite 
that  it  is  almost  impossible  to  locate  them  on  the  ground.    The  single 
fact  that  directions  are  only  described  as  north,  south,  east  and  west 
renders  them  most  difficult  to  use.    A  frequent  complaint  of  land- 
owners was  that  the  Survey  did  not  follow  the  indications  of  the  old 
title-deeds  produced  to  the  exclusion  of  all  other  evidence ;  but  in 
the  first  place  such  title-deeds  were  usually  very  ambiguous  and  could 
be  interpreted  in  more  than  one  way,  thus  overlapping  the  lands  of 
one  neighbour  by  one  interpretation  and  of  another  if  a  different  one 
were  followed  ;  again  the  lands  described  in  the  title-deeds  may  have 
been  partly  sold  or  otherwise  disposed  of ;   they  may  have  been 
encroached  upon  by  others  who  have  been  long  left  undisturbed  thus 
giving  rise  to  conflicting  interests  between  which  the  officers  of  the 
Survey  had  no  authority  to  decide.    It  was  therefore  left  to  the  owner 
to  indicate  his  boundaries  and,  if  the  land  was  not  at  the  time  being 
cultivated  or  otherwise  effectively  occupied  by  him,  to  show  evidence 
of  ownership.    In  cases  where  a  dispute  arose  over  a  boimdary  and 
neither  side  were  prepared  to  give  way  or  come  to  an  arrangement  the 
two  areas  in  dispute  were  included  in  a  single  plot  pending  a  decision 
being  given  by  the  courts  of  law. 

In  cases  where  owners  did  not  attend  and  did  not  send  a  repre- 
sentative, the  only  means  of  completing  the  survey  of  the  village 
within  the  specified  time  was  to  follow  the  indications  given  by  the 
sheikhs  of  the  village  and  by  the  "dallal"  as  to  the  boimdaries  of  the 
lands  of  absentee  landowners.  It  is  certain  that  cases  of  hardship 
occurred  which  it  was  impossible  to  prevent,  as  for  instance  where  a 
large  proprietor  had  for  years  rented  a  plot  which  the  owner  was  too 
poor  to  cultivate,  and  had  then  indicated  it  to  the  Survey  as  his  own 
property.  Usually  no  written  agreement  of  the  lease  existed,  and  the 
re-measurement  of  the  larger  proprietor's  lands  had  usually  resulted 
in  a  deficit  which  more  than  concealed  such  encroachments. 


AVTien  these  land -registers,  each  consisting  of  the  two  parts,  the 
Index  to  the  map  (Daftar  el  messaha)  and  the  Property  index  (El- 
mizzania),  were  completed,  they  were  forwarded  through  the  Ministry 
of  Finance  to  the  Mudiria  office  together  with  a  copy  of  the  map 
on  which  the  village  boundary  was  coloured  red  for  convenience  of 
reference.  From  these  registers  a  new  land-tax  register  (mukallifa) 
was  prepared  and  taken  into  use ;  from  it  all  tax  receipts  (vfird) 
were  made  out  so  that  errors  in  areas  which  were  found  during  the 
measurement  of  the  land  were  rectified  at  the  next  collection  of  taxes. 
When  a  considerable  portion  of  the  province  had  been  completed 
the  Re-assessment  Commission  commenced  its  work  and  assessed 
the  tax  which  should  be  paid  by  the  land  in  ea('h  "  hod  ";  these 
new  rates  were  not  brought  into  force  until  five  years  after  the 
re-assessment  had  been  completed. 

Unfortunately  it  has  not  been  possible  to  keep  these  registers  iip 
to  date  by  correcting  the  entries  as  changes  took  place.    The  local 
staffs  of  surveyors  attached  to  the  Mudiria  offices  were  only  accus- 
tomed to  make  measurements  in  the  old  fashion  and  to  record  them 
as  had  been  done  in  the  earlier  cadastral  surveys,  but  they  had  no 
experience  of  maps  and  were  unaccustomed  to  the  use  of  them  ;  again, 
registration  of  transfers  was  not  compulsory  and  was  therefore  often 
evaded  to  avoid  paying  the  fees  ;   and  lastly  such  deeds  as  were 
registered  at  the  registries  of  the  International  Tribunals  had  under- 
gone no  verification  as  to  the  dimensions  and  areas  recorded  in  them, 
so  that  this  information  might  easily  be  incorrect.    When  one  party 
sold  a  piece  of  land  to  another,  a  deed  of  sale  was  drawn  up  describing 
the  boundaries  of  the  land,  its  dimensions  and  the  area,  for  which  a 
certain  sum  of  mf.ney  was  to  be  paid.    The  two  parties  to  the  transac- 
tion were  satisfied  to  complete  the  sale  for  the  price  named  and  accepted 
the  area  as  being  correct  having  agreed  upon  the  plot  which  was  to  be 
sold.    The  Registrar  registered  the  deed,  but  required  no  proof  that 
the  area  and  dimensions  were  accurate  nor  that  the  boundaries  really 
defined  the  plot  of  land.    The  deed  was  then  sent  to  the  Mudiria  office 
with  instructions  to  record  the  sale  and  return  the  document  within 
ten  days.    The  area  stated  in  the  deed  was  therefore  transferred  from 
the  total  of  the  seller's  land  to  the  buyer's  and  if  the  area  was  incorrect 
both  statements  became  incorrect  also.    With  a  constant  supply  of 
such  deeds  being  sent  down  for  registration  containing  areas  which 
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had  not  been  verified  and  which  in  many  cases  were  inexact  to  some 
extent,  it  was  inevitable  that  the  land-registers  which  had  been 
prepared  by  means  of  carefully  checked  measurements  should  become 
year  by  year  less  correct. 

At  first  (1897)  a  mutation  register  was  kept  for  each  village  to 
record  such  changes  and  transfers,  but  no  greater  accuracy  was  gained 
thereby,  since  the  fault  lay  in  the  original  statement  of  area  being 
guaranteed  by  no  responsible  person  and  being  liable  to  no  check  or 
verification.  The  use  of  these  mutation  registers  was  therefore 
discontinued  after  a  few  years. 

The  cost  of  compiling  the  registers,  in  which  the  computation  of 
the  areas  of  plots  is  included,  depends  partly  on  organization,  but 
also  on  local  conditions,  among  which  the  size  of  the  holdings,  the 
number  of  transfers  fr  m  village  to  village,  and  the  correctness  of  the 
information  furnished  in  the  village  and  the  readiness  of  the  villagers 
to  assist  are  among  the  chief.  The  average  cost  per  100  feddans, 
both  of  field-work  and  the  compilation  of  registers  in  diSerent  years  is 
as  follows  for  each  of  the  last  seven  years ;  before  that  the  procedure 
had  not  been  fully  developed  and  the  work  done  in  different  years  is 
not  directly  comparable. 


TiJiK  AND  Cost  PER  100  feddans  (42  hectvees). 


Year. 

Field-work. 

Ilegisters. 

Kield-work. 

Registers. 

Totiil. 

DAYS. 

DAYS. 

L.E. 

11  ILL. 

L.K. 

HILL. 

L.K 

.MILL. 

11)01  

5-4 

5-5 

1 

428 

1 

154 

2 

582 

1902  

5'9 

5-0 

1 

400 

0 

700 

2 

100 

11)03  

5-0 

3-8 

1 

155 

0 

553 

1 

708 

1904  

5-3 

4-3 

1 

171 

0 

727 

1 

898 

1905  

3-7 

5-1 

0 

854 

0 

941 

1 

795 

1906  

3-3 

3-7 

n 

713 

0 

854 

1 

567 

1907  

6-6 

4-1 

1 

630 

1 

039 

2 

669 

In  1907  the  pay  of  employees  was  considerably  raised  and  several 
additional  checks  to  avoid  errors  were  introduced  which  made  the  rate 
of  work  slower  and  consequently  increased  the  cost,  A  very  important 
modification  was  to  make  a  special  inquiry  into  every  plot  which  was 


owned  by  two  or  more  partners.  Experience  gained  in  1905  and  1906 
in  investigating  the  complaints  against  the  survey  in  Girga,  Assiut, 
and  Minia  provinces  had  shown  that  nearly  eighty  per  cent,  of  the 
complaints  arose  from  mistakes  in  recording  such  plots,  due  either  to 
incorrect  or  wilfully  false  statements  which  were  furnished.  Written 
statements  signed  by  the  claimants  were  therefore  prepared  in  each 
case,  which  greatly  increased  the  work  at  this  stage,  but  promises  to 
diminish  proportionately  the  number  of  subsequent  investigations 
which  will  be  necessary.  This  affected  the  cost  of  both  the  field  work 
and  the  compilation  of  registers. 

Thus  it  will  be  seen  that  the  cost  of  compiling  the  registers  at  first 
fell  and  then  varied  slightly  from  year  to  year,  rising  as  time  went  on 
with  the  increase  of  the  rates  of  pay  of  the  staff  and  the  introduction 
of  additional  checks  to  prevent  the  recurrence  of  the  classes  of  errors 
which  were  found  to  occur  most  frequently. 

The  general  procedure  of  a  surveyor  in  compiling  the  land-register 
of  a  village  is  as  follows  : — 

1.  The  copy  of  the  old  register  is  returned  to  the  tax-collector  to  be 
brought  up  to  date  by  the  addition  of  any  recent  changes  of  which  the 
Mudiria  office  has  notified  him. 

2.  With  the  aid  of  the  map  he  notes  the  name  of  the  occupier  of 
each  plot. 

3.  He  prepares  an  index  of  the  landowners'  names  in  the  old  register 
and  adds  any  new  names  which  he  meets  with  in  the  work. 

4.  He  writes  out  the  Index  to  the  map  (daftar  el  messaha),  hod  by 
hod,  from  No.  1  onwards,  and  the  plots  in  each  hod  in  their  serial 
order,  entering  the  area  of  each. 

5.  He  writes  out  the  Index  of  property,  which  is  arranged  by  the 
alphabetical  order  of  the  landowners'  names,  and  collects  under  each 
name  all  the  plots  of  which  he  is  recorded  as  being  in  permanent 
occupation. 

6.  He  totals  the  areas  in  these  two  registers  to  see  that  they  balance 
correctly. 

7.  He  prepares  notices  for  each  landowner  setting  forth  the  result 
of  the  survey  of  the  lands  recorded  in  his  name. 


CHAPTER  XVIII. 


Thk  Reproduction,  Storage  and  Distrtbutton 
OF  Cadastral  Maps. 

The  large-scale  maps  produced  by  the  Cadastre  of  1878-1888  were 
never  printed,  but  tracings  were  made  as  required  on  tracing-cloth 
from  the  original  sheets  which  were  kept  at  the  offices  of  the  Cadastre. 
Maps  of  certain  districts  were  reduced  to  the  scale  of  1  :  40,000  and 
were  lithographed,  but  these  were  topographical  maps  prepared  from 
the  cadastral  map-sheets  for  administrative  purposes,  and  therefore 
need  not  be  further  considered  here.  A  specimen  is  shown  in  plan 
XVIT. 

From  1892  the  maps  of  villages  were  kept  at  the  office  of  the  Survey 
iind  two  copies  were  prepared  on  tracing-cloth,  one  of  which  was  sent 
with  the  land-register  to  the  Mudiria,  while  the  other  was  retained  by 
the  department  of  Government  Lands,  which  had  charge  of  the  work 
so  long  as  it  was  a  State  Lands  Survey  Each  village  was  surveyed 
separately  and  a  separate  map  was  prepared  of  its  lands,  nothing  being 
shown  outside  its  boundary  except  the  names  of  the  neighbouring 
villages.  Such  tracings  are  not  very  satisfactory  reproductions  of 
original  maps,  for  the  tracing-cloth  varies  greatly  in  size  according 
to  the  humidity  of  the  air,  additions  or  alterations  are  not  difficult  to 
make,  and  every  tracing  needs  to  be  carefully  compared  with  the 
original  to  eliminate  errors  of  copying.  The  preparation  of  two  copies 
of  every  map  took  up  a  considerable  time,  and  the  provision  of  copies 
for  private  individuals  was  almost  impossible,  while  the  cost  was  more 
than  many  wished  to  pay.  The  formation  of  the  Survey  Department 
in  1898  brought  the  Drawing  and  Jjithographic  offices  of  the  Public 
Works  Ministry  and  the  Land  Survey  under  the  same  direction,  so 
that  it  became  possible  to  reproduce  maps  of  the  village  lands  by 
lithography.  When  this  was  first  done,  in  January  1899,  the  provinces 
of  Beheira  and  Sharqia  were  almost  completed  and  a  large  portion  of 
Grharbia  province  had  been  sent  to  the  Ministry  of  Finance,  so  that  it  was 
preferable  to  commence  the  regular  printing  of  cadastral  map-sheets 
with  Giza  province  which  was  then  being  surveyed.   No  second  order 
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triangulation,  which  had  been  connected  to  the  "  Transit  of  Venus  " 
station  on  Gebel  Moqattam  yet  existed,  so  that  it  was  only  possible 
to  print  the  lands  of  each  village  as  a  separate  group  of  sheets  each  one 
of  which  was  fifty  centimetres  square.  During  the  year  much  progress 
was  made  and  when  the  chain-survey  of  the  Fayum  province  was 
commenced  it  was  controlled  by  a  major  and  a  minor  triangulation, 
and  the  co-ordinates  of  all  points  were  referred  to  an  origin  in  the 
province  of  which  the  latitude  and  longitude  had  been  determined  by 
observation,  for  no  reliable  triangulation  had  as  yet  connected  the 
Fayum  network  with  the  fundamental  point  on  Gebel  Moqattam. 
There  was  not,  moreover,  time  to  prepare  all  the  tables  needed 
for  projecting  the  field-maps  as  sheets  of  a  map  on  the  "  Gauss 
conformal "  projection  which  had  been  decided  upon.  The  Fayum 
cadastral  map-sheets  are,  therefore,  square  sheets  of  fifty-centimetre 
side  (see  Chapter  XV). 

So,  although  it  was  originally  intended  to  publish  a  complete  series 
of  map-sheets  all  of  which  should  be  full  of  detail  instead  of  forming 
a  separate  group  of  sheets  for  the  lands  of  each  village,  this  was  not 
possible  until  the  provinces  of  Qaliubia  and  Daqahlia  were  undertaken. 
The  emph)yment  of  the  system  of  full  sheets  with  common  sheet  lines 
causes  a  little  delay  since  a  sheet  cannot  be  published  until  all  the 
villages  of  which  the  lands  fall  within  the  sheet  are  ready,  though  it 
leads  to  a  great  economy  in  printing.  The  provision  of  an  adequate 
network  of  triangulation  had  already  caused  some  delay  to  the  chain- 
survey,  and  as  the  date  for  the  re-assessment  of  the  Fayum  was  not  far 
off,  it  was  necessary  to  push  on  the  work  and  to  publish  separate 
groups  of  map-sheets  for  each  village  in  it  so  as  to  be  able  to  supply 
the  re-assessment  commissions  with  the  maps  of  each  village  as  soon 
as  its  land-registers  were  completed.  By  the  time,  however,  that 
the  provinces  of  Qaliubia  and  Daqahlia  were  being  surveyed,  it  was 
possible  to  arrange  that  all  sheets  should  be  projected  on  the  system 
adopted  so  as  to  form  part  of  the  regular  series  of  map-sheets  of  the 
country.  Menufia  province,  which  was  surveyed  at  the  same  time  as 
those  of  Giza  and  the  Fayum,  had  its  map-sheets  prepared  in  groups 
by  villages,  since  there  was  no  triangulation  in  this  province  by  which 
the  points  could  be  accurately  placed  on  projected  sheets. 

The  survey  was  now  transferred  to  Upper  Egypt  in  order  to  leave 
the  lands  of  Middle  Egypt,  which  were  being  converted  to  perennial 
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irrigation,  as  late  as  possible  before  preparing  their  land-registers. 
This  involved  projecting  all  sheets  with  reference  to  a  new  origin,  as 
has  been  already  explained  (see  p.  132),  and  the  sheet  lines  are  con- 
sequently very  slightly  out  of  position  in  latitude  and  longitude.  This 
only  changes  the  geographical  position  of  the  sheet,  and  in  no  way 
affects  the  land-measurements.  In  Aswan  province,  where  the  valley 
is  very  narrow,  the  amount  of  triangulation  and  theodolite  traverse 
work  which  had  to  be  done  was  very  large  in  proportion  to  the  cultiv- 
able area,  so  that  some  delay  was  feared  in  completing  the  survey  of 
this  part.  It  was  therefore  taken  in  hand  as  early  as  possible  at  a 
time  when  the  second  order  triangulation  was  not  yet  complete  from 
Luxor  to  Aswan.  The  sheets  of  the  Nubian  portion  of  the  valley  had 
therefore  to  be  projected  on  the  basis  of  the  longitude  and  latitude  of 
a  point  on  the  Addendan  base  which  had  been  obtained  by  astronomical 
observations  made  when  the  base  was  being  measured.*  These  gave 
values  which  differed  from  those  which  the  completed  triangulation 
furnished  later,  but  here  again  no  error  was  introduced  into  the  land- 
measurement,  though  the  exact  geographical  position  of  the  map-sheets 
was  uncertain  until  the  main  valley  triangulation  was  complete.  After 
this,  all  sheets  were  of  the  normal  series  and  joined  correctly  the  one 
to  another  throughout  Upper  and  Middle  Egypt  until  the  northern 
boundary  of  Beni  Suef  was  reached.  Here  no  actual  junction  with 
the  lands  of  Giza  province  could  be  made  on  the  cadastral  maps,  since 
those  of  Giza  were  on  the  scale  of  1  :  4,000,  while  those  of  Beni  Suef  and 
the  southern  provinces  were  on  the  larger  scale  of  1  :  2,500. 

The  field  map-sheets  are  issued  to  the  surveyor  with  the  traverse 
points  plotted  on  them,  and  with  the  aid  of  these  he  carries  out  the 
chain-survey  of  the  area  and  plots  his  measurements  on  the  map- 
sheets.  Thus  canals,  roads,  paths,  holdings,  village  and  "  hod " 
boundaries,  the  village  site,  and  all  other  details  are  drawn  accurately 
on  the  map.  There  was  little  time  to  be  spared  for  training  the  sur- 
veyors to  become  skilled  draughtsmen  as  well  as  capable  chain - 
surveyors,  so  that  colours  were  used  to  reduce  the  amount  of  "  orna- 
ment," which  needed  a  somewhat  skilful  draughtsman  to  render  neatly. 
These  colour  symbols  had  to  be  translated  into  black  by  the  draughts- 
man, who  prepared  the  autographic  copy  for  reproducing  the  map- 
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sheet  hy  zincography.  A  set  of  the  field  and  lithographic  conventional 
signs  is  shown  on  Plan  XXV. 

From  the  first  the  cadastral  map-sheets  were  reproduced  in  this 
manner  by  autography  and  printed  from  zinc. 

The  field-sheet  is  first  examined  in  the  Cadastral  office  to  see  that 
all  necessary  information  has  been  included,  that  there  are  no 
omissions,  and  that  the  correct  symbols  have  been  used ;  it  is  then 
passed  to  the  Reproduction  office  for  printing  and  publishing.  Here 
the  map  is  traced  with  lithographic  ink  on  a  thin  sheet  of  transfer  paper 
which  is  stretched  over  it,  the  draughtsman  translating,  as  he  works, 
the  coloured  symbols  into  their  black  equivalents;  the  numbers  ot 
the  plots  are  more  neatly  written ;  the  wTiting  (Arabic)  is  done  in 
the  regulation  style  so  as  to  reproduce  clearly  without  being  so  large 
as  to  encumber  the  detail ;  and  the  finished  tracing  is  carefully 
compared  with  the  original  before  being  sent  to  the  printing  office. 
Here  it  is  laid  face  downwards  on  a  sheet  of  grained  zinc,  damped, 
and  the  ink  transferred  to  the  zinc  sheet  by  passing  it  several  times 
under  the  roller  of  the  proving-press.  These  presses  are  driven  by  an 
electric  motor  and  a  pressman  can  transfer  on  the  average  16  sheets 
per  day  of  seven  hours. 

The  zinc  sheets  are  then  rolled  up  with  printing  ink  and  proofs  pulled, 
to  check  with  the  original  field-sheets.  Any  corrections  which  may 
be  found  to  be  necessary  are  easily  made  on  the  zinc  plates,  which  are 
afterwards  passed  for  printing. 

The  numbering  of  the  cadastral  map-  sheets  is  based  on  that  of  the 
topographical  map-sheets  on  the  scale  of  1 :  10,000.  The  whole  country 
is  divided  into  quadrants  by  the  intersection  of  the  30th  parallel  with 
the  31st  meridian  east  of  Greenwich,  and  each  quadrant  is  divided  into 
rows  and  columns  by  the  lines  bounding  the  map-sheets  of  the  1:  10,000 
series;  3-7-N.E,,  therefore,  will  describe  a  sheet  in  the  third  row  and 
the  seventh  column  of  the  north-east  quadrant.  Each  sheet  of  the 
1:  10,000  maps  contains  sixteen  cadastral  map-sheets  on  the  scale  of 
1 :  2,500,  and  these  are  numbered  in  four  rows  1-4,  5-8,  9-12,  and  13-16, 
from  north  to  south,  so  that  sheet  3-7-13  would  indicate  the  cadastral 
sheet  containing  land  which  fell  in  the  south-eastern  corner  of  the 
1: 10,000  sheet  3-7-N.E.  The  number  of  the  cadastral  sheet  is  printed 
on  the  right-hand  top  comer  of  the  margin,  and  those  of  the  neigh- 
bouring sheets  are  printed  in  the  centre  of  the  margins  (see  Plan 
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XXVIII).  The  name  of  the  province,  the  district,  and  of  the  villages 
whose  lands  occur  on  the  sheet  are  printed  on  the  top  margin,  while 
the  bottom  contains  the  imprint. 

In  this  imprint  at  the  foot  of  the  map  are  printed  th6  date  of  siirvey, 
the  principal  conventional  signs  for  boundaries,  diagonal  scales  of 
metres  and  qassabas,  and  also  a  scale  of  areas.  Those  who  are  not  in 
the  habit  of  using  maps  frequently  have  no  little  difficulty  in  knowing 
whether  a  plot  contains  approximately  three  or  four  feddans,  so  in  the 
imprint  of  all  these  maps  are  included  squares  representing  to  scale  a 
feddan,  a  qirat,  and  a  sahm  (see  Plan  XXIX),  while  a  square  of  10 
feddans  is  printed  on  all  sheets  of  the  1 :  10,000  series. 

To  facilitate  the  calculation  of  areas  each  map-sheet  will  in  future 
have  the  true  area  of  the  land  which  is  included  within  its  sheet-lines 
stated  in  the  imprint. 

Within  the  sheet,  the  land  is  divided  up  into  taxation  divisions 
("hods")  which  are  indicated  by  black  triangular  dots  placed  along  the 
boundary  lines.  Within  these,  the  plots  are  delimited  by  fine  lines, 
even  though  they  are  bounded  by  no  hedge  or  other  topographical 
features.  The  great  majority  of  plots  have  no  recognizable  boundaries, 
and  such  stones  as  exist  are  so  rough  and  so  insecurely  placed  as  to  be 
unreliable.  Since  continuous  lines  are  reserved  for  property  bound- 
aries, roads,  water  channels,  etc.,  which  are  not  public  property  and 
therefore  enter  into  the  private  holdings,  have  to  be  indicated  by 
using  dotted  lines  for  their  boundaries.  This  is  not  satisfactory,  as  a 
number  of  parallel  dotted  lines  is  highly  confusing,  but  this  procedure, 
which  had  been  commenced  in  1896,  was  maintained  until  the 
Re-assessment  Commissions  had  finished  their  work.  Now  a  clearer 
means  of  showing  such  features  might  be  introduced  with  advantage. 
The  plots  are  numbered  as  far  as  possible  consecutively  throughout 
each  hod,  each  number  being  written  on  the  map.  At  present,  this 
number  remains  unchanged  on  the  sale  of  a  plot  to  a  new  owner.  On 
the  margins  of  the  sheet  the  boundary  lines  of  plots  are  carried  over 
the  sheet-line  in  order  to  facilitate  joining  sets  of  sheets  together. 
Small  plots,  which  contain  a  house  and  garden,  were  often  hatched 
over  to  show  that  they  were  occupied  by  a  building,  without  showing 
which  part  of  the  plot  is  occupied  by  the  house  and  which  by  the 
garden  but  these  features  are  now  shown  separately.  Until  quite 
recently,  pressure  of  work  has  prevented  the  interior  detail  of  the 
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village  itself  being  shown ;  the  area  was  untaxed  and,  therefore,  was 
regarded  as  being  of  minor  importance.  The  streets,  alleys,  open 
spaces,  etc.,  are,  however,  of  importance  both  for  the  administrative 
authorities  and  those  responsible  for  the  public  health,  so  that  this 
additional  information  is  required  and  is  now  being  recorded. 

Such  ill-defined  boundaries  as  those  of  most  of  the  properties  in 
Egypt  may  seem  difficult  to  identify  on  the  ground  by  means  of  a  map, 
but  since  the  whole  area  is  in  an  open  alluvial  plain,  perfectly  level  and 
without  any  woods  or  copses,  there  is  but  little  to  interrupt  a  direct 
view ;  the  different  plots  are  laid  out  on  the  ground  as  plainly  as  they 
appear  on  the  map,  and  in  practice  there  is  no  difficulty  in  locating 
them  by  selecting  any  recognizable  point  in  their  neighbourhood. 
In  provinces  where  perennial  irrigation  is  in  use,  the  numerous  small 
water  channels  serve  this  purpose,  since  on  land  which  is  continually 
under  cultivation  they  change  their  position  but  little.  In  basin  lands 
which  are  flooded  annually  it  is  less  easy,  but  here  they  are  divided  up 
by  certain  long  lines  which  have  been  used  for  ages  in  marking  out  the 
plots,  and  these  furnish  useful  guides;  besides,  the  water-wheels  and 
wells  which  occur  not  infrequently  may  also  be  utiUzed.  The  relief  of 
the  country  is  so  slight  that  no  attempt  is  made  to  indicate  it  except 
by  hatching  the  slopes  of  the  banks  of  large  canals.  Mounds  which 
are  the  ruins  of  ancient  towns  are  indicated  in  plan  only,  and  the 
height  of  them  is  not  shown.  These  are  rapidly  being  dug  away  for 
the  little  nitrate  that  they  contain,  and  the  land  on  which  they  stand 
is  being  brought  under  cultivation. 

Since  these  cadastral  maps  were  first  printed  in  1899,  the  number  in 
an  edition  has  steadily  increased ;  at  first,  30  copies  only  were  printed, 
but  now  100  of  each  are  required,  except  in  the  case  of  waste  lands. 
Formerly  12  copies  were  sent  to  the  Revenue  Department  and  the 
Government  Lands  Department  only,  while  a  few  were  kept  to  meet 
the  demands  of  the  public.  Since  then  the  demand  for  them  has 
steadily  increased  both  on  the  part  of  Government  Administrations 
and  also  of  the  public ;  the  issues  at  the  present  time  include — 

6  copies  to  Revenue  Department ; 

1  copy    ,,  State  Lands  Department ; 

2  copies  ,,  Khedivial  Library  ; 

10     ,,      ,,  Irrigation  Circle  concerned  ; 

while  additional  copies  are  frequently  demanded. 


During  the  twelve  months  of  the  present  year  1908,  82,008  cadastral 
map-sheets  have  been  issued  to  Government  Administrations,  and 
17,085  have  been  purchased  by  the  public. 

The  sale  to  the  public  varies  considerably  for  different  sheets,  but 
on  the  whole  it  reaches  a  total  of  about  14,000  to  18,000  sheets  per 
annum.  There  is  no  doubt  that  this  could  be  greatly  increased  if 
these  maps  were  readily  obtainable  in  the  country  districts.  But  this 
is  not  easy  to  arrange  at  the  present  time,  for  the  Mudiria  offices  are 
the  only  ones  where  these  maps  could  be  dealt  with,  as  reference  to  the 
land-registers  would  be  constantly  necessary.  Then  the  work  of  main- 
taining a  stock  of  the  two  to  three  thousand  maps  which  include  the 
lands  of  a  province,  and  handling  the  same  so  as  to  effect  sales  regularly, 
is  a  work  of  considerable  magnitude  and  requires  an  employee  who  is 
thoroughly  conversant  with  them.  This  will  naturally  be  a  part  of 
the  work  of  local  survey  offices  whenever  they  are  established,  but  at 
present  the  work  seems  to  be  more  than  the  Mudiria  staff  can  do 
without  assistance.  Most  landowners  require  not  only  the  map  of  their 
lands,  but  also  an  extract  from  the  land-register,  and  this  was  furnished 
by  the  Mudiria  on  the  payment  of  a  minimum  fee  of  L.E.  0-430,  which 
was  a  considerable  sum  for  a  small  proprietor;  later,  in  June  1907  the 
fee  was  reduced  to  L.E.  0-230,  and  since  October  1907,  the  numbers  of 
the  hods  and  of  plots  which  comprise  a  proprietor's  land  are  given  on 
payment  of  L.E.  0-030  only.  The  price  of  a  cadastral  map-sheet 
has  always  been  50  milliemes  unmounted  or  65  milUemes  if  mounted 
on  cloth.  • 

At  the  present  time  all  the  provinces  have  had  their  cadastral  maps 
printed  and  published  except  Beheira,  which  is  now  being  revised  and 
will  be  printed  on  the  scale  of  1  :  2,500  in  1909.  After  this  the  maps 
of  Gharbia,  Giza  and  a  part  of  Menufia  will,  when  they  have  been 
revised,  be  pubUshed  on  the  larger  scale  of  1  :  2,500,  so  that  the  total 
number  of  map-sheets  for  the  Valley  and  Delta  of  Egypt  on  this  scale 
will  be  about  30,000.  The  following  table  shows  the  number  of  maps 
for  each  province,  and  the  year  in  which  they  were  published  : — 


(Statemknt  of  Cadastral  Maps  printku,  fkom  1899  to  19U7  inclusive. 


Mudirin. 
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I8S9 

I9C0 

1901 

1902 
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Miutiriit. 

Gharbiii  ... 

1  :i,00O 

1<J8 
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632 

1,887 

1 

— 

— 

— 

3,27.-. 

Oiza  

1 

490 

275 

766 

i 

Menufia  i 

1  : 2,500 

— 

— 

222 
— 

270 
223 

— 
1,458 

— 
— 

— 
— 

— 
— 

— 

— 

— 

492  1 
1,681 1 

Fayum 

— 

— 

102 

2,161 

— 

— 

— 

— 

— 

2,263 

Qaliubia  ... 

— 

— 

— 

47 

731 

— 

— 

— 

— 

77.'< 

Daqahlia  ... 

— 

— 

— 

28 

1,669 

540 

— 

2,237 

Qena  

— 

— 

— 

— 

— 

1,575 

— 

— 

— 

1,575 

Aswan 

401 

675 

1,076 

Qirga  

— 

— 

— 

— 

— 

1,313 

— 

— 

1,313 

Assiut 

767 

!I3!I 

l,70(i 

Minia 

1,632 

3 

1.635 

Beni  Suef... 

349 

593 

942 

Sharqia  •  . . . 

571 

.571 

Totals... 

199 

818 

1,318 

4,326 

4,287 

2,520 

2,755 

2,920 

1,167 

20,310 

The  sale  of  these  maps  is  attended  by  considerable  practical  diffi- 
culties on  account  of  the  lack  of  local  agencies,  and,  small  editions 
being  necessary  on  the  ground  of  economy,  the  reprinting  of  such 
maps  as  are  sold  out  from  a  total  of  over  20,000  maps  is  yearly 
becoming  heavier  ;  in  1907,  6,125  maps  were  reprinted  for  this  reason. 

The  following  is  a  statement  of  copies  of  the  cadastral  maps 
reprinted  during  the  last  four  years  : — 


Scale. 

1901. 

1905. 

1906. 

1907. 

Cadastral  Maps   | 

1  : 4,000 

and 
1 : 2,500 

1  1,200 

7  If) 

4,2(;;5 

6,i2r) 

•  The  total  number  of  sheets  in  Sharqia  will  be  about  2,840  of  which  2,300  were  printed  in 
1908.   Beheira  province  will  require  3,200  sheets  on  the  scale  of  1  : 2,500. 


In  a  country  where  a  very  large  proportion  of  the  population  is 
illiterate  and  where  no  shops  exist  which  are  capable  of  handling  large 
numbers  of  maps,  it  is  very  difficult  to  bring  cadastral  maps  within 
the  reach  of  the  small  land  owner  until  there  is  a  compulsory  form 
of  registration  that  necessitates  their  use  in  all  transfers  of  land.  The 
proprietor  requires  to  know  the  number  of  the  "hod"  and  of  the  plots 
which  correspond  to  his  land,  for  he  can  seldom  recognize  them  with 
certainty  on  the  map,  and  therefore  reference  to  the  land-registers 
which  are  kept  at  the  Mudiria  office  is  necessary.  The  fee  charged 
for  extracts  from  these  registers  has  been  recently  much  reduced,  but 
still  the  faciUties  for  ascertaining  which  map-sheet  is  wanted  are  not 
great,  for  the  tax-list  in  the  village  does  not  give  the  information 
though  this  would  be  of  great  assistance.  Local  Survey  offices  have 
not  yet  been  established  throughout  the  provinces,  but  these  when  they 
exist  will  be  the  natural  means  of  distributing  the  maps.  In  the 
meantime  various  temporary  expedients  have  been  adopted;  the 
engineers  of  the  Survey  accept  orders  for  maps  during  the  survey  of  a 
village  and  the  maps  are  sent  as  soon  as  they  are  printed  ;  whenever 
a  revision  or  investigation  takes  place  the  employee  who  carries  it  out 
is  furnished  with  copies  of  the  maps  of  the  village  in  order  to  meet 
any  demands ;  but  these  measures  are  but  paUiatives,  and  at  present 
not  nearly  as  many  small  land  owners  possess  maps  of  their  property 
as  would  do  so  if  they  could  be  made  more  easily  accessible. 

The  main  stock  of  the  maps  is  kept  at  the  Survey  Department  Offices 
at  Cairo,  where  they  are  stacked  on  tiers  of  steel  shelving,  the  top  sheet 
being  turned  upside  down  to  keep  them  clean.  Though  there  is  much 
dust,  it  contains  very  little  soot  or  other  soiling  ingredient,  and  the 
maps  can  be  preserved  free  from  deterioration  without  difficulty. 

The  issue  of  proofs  or  incomplete  copies  is  guarded  against  by 
stamping  every  sheet  with  an  embossed  die  bearing  the  name  of  the 
Department.  Copies  are  issued  free  of  charge  to  all  Government 
administrations,  and  these  are  stamped  with  "  Official  copy "  in 
addition  to  the  embossed  stamp. 
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CHAPTER  XIX. 
Further  Development  of  the  Present  Cadastral  Sctrvey. 

In  examining  any  cadastral  survey  the  two  main  divisions  of  the 
subject  are,  firstly,  what  the  actual  state  of  it  is,  and  secondly  what 
improvements  are  practicable.  The  first  of  these  has  for  the  present 
survey  been  fully  set  forth  in  the  preceding  chapters ;  the  second 
may  now  be  briefly  alluded  to. 

By  the  end  of  1907  the  whole  of  the  cultivable  lands  had  been 
surveyed  on  a  large  scale,  the  land-registers  had  been  compiled,  and 
the  maps  had  been  printed.  With  the  aid  of  these  the  re-assessment 
of  the  land-tax  had  been  completed  throufihout  the  country.  A 
second  order  triangulation  had  been  carried  out  throughout  the  whole 
area  except  the  northern  portion  of  Gharbia  province,  and  triangulation 
of  the  third  and  fourth  orders  was  nearly  as  far  advanced.  There 
still  remains  a  considerable  amount  of  work  to  be  done  before  the 
whole  of  the  country  will  have  been  included  in  a  cadastral  survey 
which  is  based  upon  an  accurate  triangulation,  is  of  a  uniform 
standard  of  accuracy,  and  is  shown  on  maps  of  a  uniform  scale. 

The  most  important  task  is  a  thorough  revision  of  the  triangulation  ; 
it  had  to  be  done  as  rapidly  as  possible,  and  many  of  the  marks  were 
placed  in  too  accessible  positions  so  that  a  proportion  of  them  have 
been  lost  either  by  accident  or  more  often  b}-  wilful  interference ; 
the  computation  should  be  revised  with  the  aid  of  the  most  recent 
values  of  the  standards  of  length,  and  the  re-measurements  of 
the  base-lines  with  improved  apparatus,  which  is  now  being  carried 
out.  It  is  most  important  for  the  economical  revision  of  land- 
measurement  and  maps  in  the  future  that  all  triangulation  marks 
of  the  first  and  second  order  networks  should  be  as  safe  as  possible 
from  such  accidental  or  wilful  interference,  and  all  of  them  must  be 
set  in  masonry  below  the  surface  of  the  ground  and  so  removed  from 
sight;  in- a  country  where  the  whole  of  the  ground  is  cultivated  it  is 
hardly  possible  to  ensure  absolute  permanence  for  those  of  the  third 
and  fourth  orders,  since  high  roads  are  few  and  canal  banks  are 
frequently  altered. 
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The  second  order  triangulation  had  first  to  be  completed  in  Gharbia, 
which  has  been  nearly  done  at  the  end  of  1908  ;  then  the  whole  of  the 
network  needs  inspection  in  order  that  marks  which  have  been  removed 
or  lost  may  be  replaced.  Such  losses  have  not  been  infrequent,  and  in 
a  recent  inspection  of  marks  in  Girga  province  seventeen  out  of  eighty- 
three  were  found  to  be  missing.  Owing  to  the  re-modelling  of  canals, 
and  the  execution  of  irrigation  works,  as  well  as  the  erosion  of  the  river 
banks  by  the  Nile,  there  must  always  be  a  certain  amount  of  risk  to 
the  triangulation  marks  placed  in  or  near  the  cultivable  land.  It  is 
therefore  very  necessary  to  carry  up  the  valley  a  chain  of  triangu- 
lation of  the  first  order  of  accuracy  having  longer  sides  than  the 
triangles  of  the  second  order,  and  by  which  the  latter  can  be  con- 
trolled ;  the  points  of  this  triangulation  can  be  placed  on  the  rock 
desert  and  from  these  accurately  determined  positions  any  second 
order  points  can  be  replaced  that  may  be  necessary.  About  200 
kilometres  of  this  work  have  been  completed  at  the  present  time  * 
from  Cairo  to  Beni  Suef,  and,  so  far  as  the  work  has  been  critically 
investigated,  it  is  found  to  be  of  the  desired  accuracy  and  of  not  too 
high  a  cost,  so  that  it  will  be  carried  on  gradually  thus  furnishing  an 
effective  and  essential  control  of  all  other  work.  It  was  hoped  that 
the  signals  which  mark  the  first  order  stations  in  the  desert  would 
not  be  interfered  with,  but  the  curiosity  of  the  nomad  arabs  has 
already  led  to  several  of  them  being  damaged. 

The  points  of  the  third  and  fourth  order  triangulation  have  also 
suffered  by  removal  and  interference  and  will  need  inspection  and 
replacing  as  soon  as  the  network  now  in  course  of  being  observed  in 
Gharbia  province  has  been  completed.  It  is  of  the  utmost  importance 
for  the  rapid,  accurate,  and  economical  revision  of  survey  work  that 
the  triangulation  network  should  be  maintained  in  as  thoroughly 
efficient  a  state  as  possible. 

The  revision  of  the  cadastral  survey  of  Sharqia  province  was  finished 
in  1908,  and  that  of  Beheira  is  now  in  hand,  both  of  these  provinces 
having  been  originally  surveyed  by  the  State  Lands  Survey  in  1892-97 
when  the  requirements  were  different  and  less  complicated,  and  when 
graphic  triangulation  with  plane-tables  sufficed  to  furnish  points 
for  the  detail  measurement.    After  these  two  provinces  have  been 


•  December,  1908. 
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revised  tliose  of  Gharbia  and  Menufia  will  also  need  revision,  since 
neither  of  these  was  originally  surveyed  with  the  effective  control  of 
a  reliable  triangulation.  Giza  province,  too,  which  was  surveyed  with 
the  aid  of  a  triangulation  of  inferior  precision,  must  also  be  revised 
in  its  turn  before  the  whole  of  the  country  is  represented  on  large-scale 
maps  of  a  uniform  standard  of  accuracy. 

The  detail  survey  can  also  be  improved,  since  rapidity  of  work  is  no 
longer  the  primary  consideration.  It  would  be  well  to  revise  the  con- 
ventional signs  in  use  so  as  to  render  them  more  convenient  for  purposes 
of  land  registration  in  the  event  of  this  being  introduced  at  some 
future  date.  The  villages,  too,  are  now  being  shown  in  greater  detail 
and  as  the  country  is  ever  becoming  more  densely  populated  and  every 
portion  of  the  cultivable  land  is  being  reclaimed  as  fast  as  circumstances 
will  admit,  considerable  care  and  judgment  are  required  to  show 
the  necessary  details  on  the  maps  without  overcrowding  them  or 
sacrificing  clearness.  The  Arabic  writing  is  somewhat  of  an  obstacle 
to  such  reforms  at  it  does  not  possess  the  numerous  different 
types  of  letters  that  are  available  in  European  writing,  and  conse- 
quently the  maps  may  easily  become  confusing  to  read.  But  a 
thoroughly  satisfactory  result  in  the  production  of  maps  of  landed 
property  will  be  largely  dependent  on  the  obligatory  provision  of 
marks  being  placed  so  as  to  define  the  boundaries  of  the  properties. 
In  such  a  country  as  Egypt  where  topographical  features  rarely  form 
the  boundaries  of  plots,  it  is  indispensable-that  such  boundaries  should 
be  defined  by  permanent  marks  if  the  fall  value  is  to  be  obtained  from 
the  work  of  an  accurate  technical  survey. 

It  has  already  been  pointed  out  that  both  the  present  Cadastral 
Survey  and  that  of  1878-1888  have  been  controlled  by  the  fiscal 
requirements  of  the  country,  while  their  value  for  the  registration  of 
property  and  for  confirming  the  titles  of  landowners  to  their  lands 
was  a  secondary  consideration.  But  the  full  value  of  the  elaborate 
triangulation  which  has  been  carried  out  during  the  past  ten  years 
will  not  have  been  obtained  until  the  accurate  land -measurements 
have  been  utilized  for  furnishing  landowners  with  a  more  efficient 
means  of  recording  their  property  than  exists  at  present. 

But  for  this  to  be  done  satisfactorily  some  few  modifications  must 
be  made  in  the  present  procedure  in  order  to  meet  the  legal  require- 
ments of  the  situation.    Exactly  what  these  will  be  cannot  be  stated 
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until  the  detailed  procedure  of  registration  has  been  worked  out,  since 
the  special  conditions  and  customs  of  the  country  must  be  taken  into 
consideration  ;  but  although  local  peculiarities  may  necessitate  modifi- 
cations the  general  practice  of  cadastral  surveyors  in  other  countries 
will  certainly  be  found  to  go  far  towards  meeting  the  requirements 
here.  For  this  reason,  therefore,  it  wiU  be  instructive  to  examine  the 
methods  which  are  in  use  at  the  present  time  in  two  or  three  European 
countries  where  registration  of  title  to  land  is  already  practised.  In  most 
of  them,  voluminous  and  elaborate  regulations  exist  laying  down  how 
all  surveying  and  measurement  in  connection  with  landed  property  is 
to  be  carried  out ;  but  these  details  must  depend  on  the  local  condi- 
tions and  are  represented  in  this  country  by  the  Technical  Instructions 
of  the  Survey  Department.  In  the  general  procedure  it  is  not  difficult 
to  foresee  already  certain  changes  which  will  have  to  be  made  to  meet 
the  legal  requirements  of  any  effective  system  of  land  registration. 

Many  countries  have  estabhshed  registration  of  title  to  landed 
property  of  recent  years,  and  the  tendency  of  modern  legislation  is  to 
institute  fuller  and  more  complete  pubhcity  for  the  rights  which  exist 
over  such  property.  For  this  a  cadastral  survey  is  not  an  absolute 
necessity,  but  it  greatly  facilitates  the  location  and  the  accurate 
description  of  land,  so  that  the  two  are  now  always  combined  or  at 
least  are  very  closely  connected.  The  introduction  of  such  a  system 
into  Egypt  would  be  of  the  greatest  value  to  landowners,  *  and  a 
commission  of  the  Mixed  Tribunals  has  been  since  1904  considering 
the  propositions  put  forward  by  the  Egyptian  Government.  Recently 
this  commission  having  approved  a  scheme,  the  Egyptian  Government 
has  applied  to  the  Powers  that  it  may  be  sanctioned. 

The  system  of  triangulation  which  exists  to-day  throughout  the 
cultivable  portion  of  Egypt  is  amply  sufficient  both  in  accuracy  and 
in  the  number  of  points  to  control  all  the  measurements  necessary  for 
the  constitution  of  land -registers  in  conformity  with  legal  requirements 
if  it  is  kept  in  a  serviceable  condition,  and  the  lost  points  are  regularly 
replaced.  In  the  greater  part  of  the  country  the  fourth  order  points 
have  still  to  be  laid  down,  for  they  have  only  recently  been  intro- 
duced, but  this  is  a  simple  operation,  since  they  are  controlled  by  the 
third  order  network.    So  many  points  of  the  theodoUte  traverses 


*  See  "  Beport  of  the  Judicial  Adviser  for  1907."   Cairo,  1908. 
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have  been  lost  or  removed  that  the  traverse  lines  will  in  most  cases 
have  to  be  run  again,  and  as  village  boundaries  have  been  defined  and 
mapped  by  the  present  survey  the  new  traverses  can  be  more  suitably 
located  than  was  previously  possible.  The  points  should  be  placed 
in  a  more  permanent  manner  than  hitherto,  when  the  rapidity  of  work 
which  was  demanded  prevented  more  time  being  given  to  marking 
points ;  whenever  the  new  system  is  introduced  more  effective  legal 
powers  may  be  available  to  safeguard  survey  marks  than  now  exist. 

In  the  detail  survey  two  modifications  are  of  primary  importance : 
the  definition  of  the  boundaries  of  all  plots  by  permanent  marks  and 
the  computation  of  areas  by  mensuration  instead  of  by  graphical 
methods.    The  first  of  these  can  only  be  put  into  force  with  the 
consent  of  the  Powers  who  have  rights  under  the  Capitulations ;  the 
second  is  already  in  practice  in  a  portion  of  Beheira  province  which 
is  under  revision,  with  the  view  to  ascertaining  the  cost  of  the  work 
and  the  rate  at  which  it  can  be  carried  out.    It  has  not  been  more 
widely  introduced  since  it  renders  the  work  slower  and  for  the  moment 
it  is  more  important  to  provide  accurate  maps  of  the  provinces  which 
were  surveyed  before  1899,  than  to  survey  a  small  portion  in  the 
highly  detailed  manner  that  legal  registration  of  title  demands. 
Whenever  a  system  of  land-registration  can  be  rigidly  applied  to  all 
dwellers  in  Egypt  irrespective  of  nationality,  a  complete  revision  and 
re-measurement  of  their  lands  will  have  to  be  made  in  order  to 
constitute  the  land-registers ;  it  does  not  therefore   seem  to  be 
economical  to  introduce  generally  the  preparation  of  dimensioned 
plans  of  each  holding  and  to  compute  the  area  from  these  at  a  time 
when  the  question  is  under  the  consideration  of  the  Towers,  when  no 
landowner  can  yet  be  required  to  mark  his  boundaries  in  a  per- 
manent manner,  and  when  the  results  have  no  legal  authority  but 
are  at  most  evidence  of  the  state  of  things  existing  at  a  certain  date. 
As  soon  as  legal  authority  does  exist  the  necessary  changes  can  be 
introduced  in  the  cadastral  survey  at  once,  and  the  preparation  of 
the  new  plans  and  land-registers  in  conjunction  with  the  judicial 
authorities  can  be  proceeded  with  without  delay,  indeed  much  more 
quickly  than  disputed  questions  of  title  can  be  investigated  and 
decided. 

It  will  be  sufficient  to  describe  the  salient  points  in  the  cadastral 
surveys  of  a  few  European  countries  and  to  note  the  directions  in 


which  the  Egyptian  Cadastre  differs  from  them  in  the  technical  work 
of  the  surveyor. 

Switzerland  has  recently  decided  to  give  a  uniform  character  to 
the  land -registration  in  the  different  cantons  *  and  steps  are  being 
taken  to  put  this  into  force.  Measurement  of  the  land  is  to  take 
place  before  the  introduction  of  the  new  land -registers,  but  in  cases 
where  a  sufficiently  accurate  statement  of  the  landed  property  exists 
the  Federal  council  may  agree  to  the  formation  of  the  register  preceding 
the  land  measurement. 

The  survey  of  Switzerland  is  divided  between  the  Federal  Survey, 
( Landesaufnahme,)  and  the  cadastral  services  of  the  cantons.  The 
federal  service  carries  out  the  triangulation  and  publishes  topographical 
maps  on  scales  of  1  :  250,000,  1  :  100,000  and  1  :  50,000  of  mountainous 
regions  or  1  :  25,000  of  the  more  level  portions.  No  map  of  a  larger 
scale  than  this  last  is  printed  and  published.  The  cadastral  services 
of  the  cantons  utiUze  the  federal  triangulation,  and  on  it  carry 
out  the  minor  triangulations  on  which  all  the  large  scale  surveys  arc 
based ;  the  scales  employed  by  them  are  usually  1  :  250  for  towns, 
1  :  500  for  suburbs  and  1  :  1,000  for  open  country.  These  maps  exist 
in  the  original  only,  but  can  be  consulted  at  the  Cadastral  Ofl&ce  at 
the  Hotel  de  Ville  and  copies  of  them  are  furnished  when  required. 
They  are  drawn  on  large  sheets  of  paper  and  are  very  neatly  inked  in 
and  coloured,  the  work  being  very  finely  executed.  The  Canton  of 
Geneva  may  be  taken  as  an  instance,  since  the  cadastral  survey  antl 
the  land-registers  there  are  well  advanced.  It  contains  48  villages 
(communes)  of  various  sizes,  from  142  hectares  (338  feddans)  up  to 
1,909  hectares  (4,544  feddans)  and  the  whole  area  amounts  to  24,596 
hectares  (58,550  feddans).  It  is  thus  of  about  the  same  size  as  a  small 
district  (markaz)  in  Egypt,  but  since  the  houses  and  town-property 
ar(>  included  in  the  cadastral  registers  there  is  a  large  category  of 
properties  to  be  dealt  with  which  is  not  yet  included  in  the  Egyptian 
land  registers.  On  the  other  hand,  the  field  properties  are  larger  than 
in  this  country. 

Here,  as  in  the  other  cantons  the  triangulation  executed  by  the 
Federal  Survey  (Landesaufnahme)  is  used  as  the  basis  and  the  control 
of  the  large-scale  maps  which  are  required  for  dealing  with  questions  of 
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property,  so  tliat  only  the  fourth  order  triangulation,  and  very  occa- 
sionally some  of  the  third,  has  to  be  carried  out  by  the  cadastral  staff . 

A  law  of  December  20,  1893  for  the  Cadastre  of  the  town  and  com- 
mune of  Geneva  laid  down  that  a  general  map  of  the  commune 
was  to  be  prepared  on  the  scale  of  1  :  10,000,  the  detailed  plans  of  the 
commune  were  to  be  on  the  scale  of  1  :  1,000  or  1 :  500  for  the  portions 
that  were  full  of  detail  or  which  would  probably  be  developed ;  the 
detailed  town  plans  were  to  be  on  the  scale  of  1  :  200 ;  the  scale  of 
1 :  250  is  now  employed. 

A  cadastral  unit  is  defined  by  Art.  5,  which  states  that  all  the  lands 
of  a  landowner  which  are  in  the  commune  form  a  single  plot  if  they 
are  not  separated  by  a  street,  road,  river,  or  by  land  belonging  to 
a  nother  person.  Nevertheless,  when  a  property  is  composed  of  several 
distinct  portions,  these  may  be  considered  as  separate  plots.  The 
boundary  of  each  such  plot  and  all  marks  or  boundary  stones  are 
shown  on  the  cadastral  plans.  The  marking  of  the  plots  is  effected 
by  dressed  stone  blocks,  usually  of  granite,  0-60  to  0-70  metre  long  with 
heads  about  O-IS  metre  square.  These  must  be  placed  at  each  change 
of  direction  of  a  boundary,  at  two  points  on  each  curve  and  at  distances 
of  not  more  than  50  metres  apart  on  straight  lines.  The  cost  of  such 
marking  was  borne  by  the  canton,* 

The  triangulation,  as  already  mentioned,  starts  from  the  points  fixed 
by  the  Federal  Survey  and  additional  points  are  determined  until  there 
are  about  twelve  per  square  kilometre,  and  traverses  not  longer  than 
1,200  metres  are  necessary  to  join  point  to  point  and  to  provide  ad- 
ditional marks  from  which  the  detail  survey  may  start.  It  is  laid 
down  that  each  side  of  a  triangle  must  have  its  length  determined 
twice  by  independent  observations,  and  that  each  angle  is  to  be 
measured  three  times  in  each  position  of  the  telescope.  The  permis- 
sible error  of  closure  in  a  triangle  is  6"*6  or  13"  as  a  maximum.  The 
observations  are  to  be  reduced  by  the  method  of  least  squares  and  the 
mean  error  of  co-ordinates  should  not  in  general  exceed  0-015  metre. 
(Art  32,  34). 

In  the  open  country,  the  traverse  lines,  so  far  as  possible,  follow  the 
boundaries  of  properties  ;  in.  towns,  they  run  parallel  to  the  margin  of 
the  street,  and  where  the  street  is  wide  the  line  is  to  be  on  one  side  of 


*  Ihese  rules  and  instructions  are  taken  from  "Ijoi  et  Rftglement  pour  la  confection  du  Cadastre 
de  la  ville  et  commune  de  Geneve."   Geneve,  1S91. 
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it,  points  being  determined  from  it  on  the  other  side  for  the  detailed 
measurement.  (Art.  37). 

The  average  number  of  points  per  hectare  will  be  from  4  to  8,  but 
such  a  number  must  refer  to  the  work  in  the  centre  of  towns  where 
properties  are  small  and  closely  crowded  together.  At  each  cross-roads 
or  intersection  of  streets,  a  polygon  point  is  placed.  (Art.  38). 

In  Geneva  these  points  are  indicated  by  cast  iron  markes  set  in  the 
concrete  paving  of  the  side-walks. 

In  the  same  polygon  the  sides  are  made,  so  far  as  possible,  of  the 
same  length,  and  are  not  to  be  longer  than  150  metres  ;  if  they  have 
to  be  longer  intermediate  points  are  fixed  especially  at  intersections 
of  streets.  In  towns  when  centring  apparatus  is  not  employed  with 
the  theodolite  the  sides  may  not  be  shorter  than  50  metres.  Each  side 
is  measured  twice  with  rods,  and  the  maximum  difference  allowed 
between  two  measurements  of  a  side  is  0-02  metre.  In  general  the 
permissible  difference  is  \/  6  millimetres  where  b  is  the  length  in 
metres.  (Art.  39). 

The  angles  are  measured  once  in  each  position  of  the  telescope,  and 
in  towns  centring  tripods  are  to  be  used  for  the  theodolite.  The  mean 
error  of  an  angle  measured  with  the  aid  of  centring  apparatus  should 
not  exceed  from  6"-5  to  13" ;  for  traverses  observed  without  centring 
apparatus  it  should  not  exceed  16"  for  the  principal  polygons  and 
32"  for  the  subsidiary  ones.  The  maximum  error  of  closure  of  the 
polygons  is,  therefore,  in  corresponding  cases  6"'5,  13",  16",  or  32" 
multiplied  by  \/n  where  n  is  the  number  of  angles  measured.  This 
error  is  distributed  equally  among  all  the  angles.  (Art.  41). 

The  linear  discrepancy  of  closure  in  the  co-ordinates  in  terms  of  tlie 
errors  fy  and  fx  is  calculated  by  the  formula  \/fy  +  fa'-  In  towns 
this  discrepancy  may  not  exceed  from  one  to  two  hundredths  per  cent, 
of  the  direct  distance  between  the  ends  of  the  polygon  ;  on  other  land 
the  limit  is  one  fortieth  per  cent.  Such  discrepancy  is  distributed 
proportionally  to  the  lengths  of  the  sides.  (Art.  44,  45). 

Areas  are  calculated  twice,  the  first  time  by  mensuration,  and  the 
s(>,cond  time  by  the  planimeter.  The  permissible  differences  between 
the  results  of  these  two  operations  are  : — 

0-05  \/T  for  the  scale  of  1 :  250 
0-1  \/T  „  „  „  ..  1  :500 
0-2  \/T  „  ..     „  1 : 1,000 

where  A  is  the  area,  the  unit  being  a  square  metre. 
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The  area-computation  will  be  checked  by  taking  groups  of  about 
12  plots  and  also  by  comparing  the  total  area  of  the  plots  in  a  sheet 
with  the  computed  area  of  the  sheet.  The  permissible  differences  are 
then : — 

0-09  \/X  for  the  scule  o£  1  :  200  or  1 :  250 

0-18  V/T  „     „     „     „  l:r,00 

0-36  \/ A  „  „  „  „  1: 2,000 
The  maps  are  drawn  on  sheets  of  hand-made  paper  100  by  70 
centimetres  and  are  plotted  from  rectangular  co-ordinates,  no  special 
projection  being  employed  ;  it  is  laid  down  that  distances  measured 
on  the  plan  should  not  differirom  the  corresponding  distance  measured 
on  the  ground  by  more  than  4}A l  to  12)/l  millimetres  where  L  repre- 
sents the  distance  in  metres.  Copies  of  such  portions  of  these  plans 
as  are  required  for  purposes  of  registration  are  prepared  from  these 
originals  by  means  of  tracing  paper,  or  in  some  cantons  by  pricking 
through  the  original  sheet. 

The  Cadastre  of  Prussia  may  also  be  referred  to  since  in  the  northern 
part  of  the  country  it  has  to  deal  with  level  alluvial  plains  on  which  the 
holdings  have  much  in  common  with  those  of  Egypt.  The  occurrence 
of  extremely  long  and  narrow  plots  in  this  part  of  the  country  has 
already  been  alluded  to. 

The  Prussian  Cadastre  like  that  of  other  countries  is  based  on  the 
geodetic  triangulation  of  the  country,  and  on  the  second  and  third 
order  triangulations  dependent  on  it.  The  geodetic  net-work  consists 
of  triangles  having  sides  over  20  kilometres  in  length,  while  those  of 
the  second  order  and  third  order  are  from  10  to  20  and  from  3  to  10 
kilometres  long  respectively  ;  sides  less  than  3  kilometres  in  length 
occur  in  the  fourth  order  triangulation.  The  density  of  triangulation 
points  is  sufficient  to  furnish  on  the  average  one  triangulation  point  of 
any  order  for  every  25  traverse  points  but  the  number  of  these  in  any 
area  must  depend  largely  on  the  nature  of  the  ground,  and  on  the  size 
of  the  holdings. 

Angles  are  as  a  rule  measured  by  observing  a  series  of  arcs,  each 
observation  being  made  with  the  telescope — both  positions.  The 
necessary  number  of  arcs  or  repetitions  are  : — 

for  stations  for  the  III  order  4  arcs  or  6  repetitions 
for      „       „    „  IV    „     3  arcs  or  4  repetitions  ; 
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the  permissible  errors  in  the  direction  of  sides  are  fixed  at  15"  for 
triangles  of  the  third  order,  and  25"  for  those  of  the  fourth. 

The  number  of  traverse  points  varies  considerably  with  circum- 
stances, but  the  following  table,  in  which  the  average  area  per  traverse 
point  is  shown,  is  given  as  a  guide  : — 


If  the  plots  contain  on  average   

UUU9,  niiu  oiico 

and  Waste  lands. 

More  than 
.511  Ar. 

50  5  Ar. 

I. ACQ  thdn  It  ip 

especially  in  towns, 
etc. 

if  the  mapping  is  on  scale  

1  :  4,000 

1  :  2,000 

1  :  1,000 

1  :  500 

Hectares. 

Hectares. 

Hectares. 

Hectares. 

I.    Open  or  lev*l  country  without 

obstacles   

1.5 

7-.5 

3-0 

1-0 

II.    Moderate  conditions   

10 

5-0 

2-0 

0-75 

III.   Cut  up  or  intersected,  or  with 

exceptional  obstacles  

5 

2-5 

I'O 

0-5 

Traverse  lines  should  be  as  straight  as  possible,  and  the  sides  should 
not  vary  greatly  in  length.  Each  side  is  measured  twice,  the  steel 
bands  or  rods  being  read  to  the  nearest  even  number  of  centimetres  ; 
the  two  measurements  may  not  differ  more  than  is  allowed  in  the  follow- 
ing formulae  *  where  d  is  the  permissible  difference  and  L  is  the  length 
of  the  line  in  metres  : — 

On  level  and  favourable  ground  d  =  O-Ql  \/i  L  +  O'OOS 
On  moderate  ground  =  0*01 1^6  L  +  0'0J75 

On  difficult  or  hilly  ground       d  =  O'Ol  V^S  L  4-  O'Ol  L* 
The  closing  angular  error  may  not  exceed  1*5  Yn  minutes  of  arc 
where  n  is  the  number  of  angles  observed. 

The  Hnear  closing  error  fs  =  [/fy.  fy  +  fx.  fx  may  not  exceed :  * 

1.  Favourable  conditions     d  =  0-01  V/4  [L]  +  0-005  [L]' 
II.  Moderate  conditions  =  0-01  1^6  [L]  +  0*005  [L]'' 

in.  Unfavourable  conditions  d  =  0*01  \/8  [L]  +  0-005  [L]' 
where  [L]  is  the  sum  of  the  lengths  of  the  sides  in  metres. 

The  principal  chain-lines  are  measured  between  points  which  have 
been  determined  by  the  triangulation  and  the  difference  between  the 


*  These  are  the  formulje  in  use  in  controlling  similar  work  in  Egypt,  see  page  220. 
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computed  and  measured  distance  may  not  exceed  the  following  limits : 
for  flat  ground  d  =  O*:)!  \/4S  +  ()-005S* 

for  moderate  ground  d  =  0.01  [/GS  +  0*005S* 
for  rough  ground      d  =  0-01  V/8S  +  0*0  )5S' 
where  S  is  the  distance  in  metres. 

All  traverses  are  run  with  a  theodolite  except  in  special  cases,  such 
as  woods,  copses,  etc.,  where  a  compass  may  be  used.  In  this  case 
the  sides  must  be  as  nearly  equal  as  possible,  and  none  of  them  may  be 
more  than  100  metres  lonsr. 

Areas  are  computed  first  by  mensuration  from  the  field-measure- 
ments, but  the  second  computation  may  be  by  means  of  a  planimeter  ; 
if  the  area  of  a  group  of  plots  belonging  to  the  same  owner  is  computed, 
then  the  areas  of  the  separate  plots  may  be  taken  out  graphically. 
Plots  of  100  square  metres  or  less  are,  however,  always  computed. 
On  re-survey  it  will  frequently  happen  that  a  small  difference  in  area 
is  found  since  the  area  of  a  plot  with  curved  boundaries  may  easily 
give  slightly  different  results  according  to  the  number  of  lines 
measured.  The  permissible  difference  between  two  determinations 
in  such  cases  and  when  comparing  the  area  of  tracts  with  the  sum  of 
the  areas  of  the  plots  composing  them  is  : — 

d  =  0-01  \/60  A  +  0-02  A' 
where  A  is  the  area  in  square  metres. 

As  a  control  the  area  of  groups  of  plots  is  computed  and  compared 
with  the  sum  of  the  plots.  The  first  such  control  is  by  taking  groups 
of  not  more  than  30  plots,  the  second  varies  according  to  the  scale  of 
the  map,  and  the  following  areas  have  been  laid  down  for  different 
cases : — 

not  more  than  60  hectares  for  maps  on  the  scale  of  1  :  4,0f!0 

,  20      „      „      „     ..    ..      „     ..  1  :  2,000 

»i     >i       ;i      5       „  „  „     „  1  :  1,000 

»5     1?       •?      1       1?       11      11     1^    11      11     11  1  *  500 

Larger  control  areas  are  obtained  by  dividing  the  map-sheets  into 
squares  of  one  decimetre  side,  so  that  these  squares  and  afterwards 
the  sheet  squares  can  be  compared  with  the  sum  of  the  plot  areas 
within  them. 

The  cadastral  surveys  which'have  just  been  referred  to  preserve 
their  maps  as  originals  only  and  copies  are  made  of  such  portions  as  are 
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required  by  landowners  for  the  registration  or  transfer  of  their  property. 
Tn  the  Grand  Duchy  of  Wurtemberg,  however,  the  maps  are  all  litho- 
graphed and  sold  to  the  pubUc,  as  is  the  case  also  in  Austria. 

In  Wurtemberg  three  orders  of  triangulation  are  employed,  the  first 
having  sides  from  10  to  75  kilometres  long,  the  second  of  4  to  30  kilo- 
metres, while  the  sides  of  the  third  order  vary  from  5  to  0.7  kilometres 
in  length.  The  first  two  orders  are  computed  for  a  spherical  surface 
274  metres  above  sea-level,  but  plane  trigonometry  is  used  for  the 
third  order  triangulation  computation.  When  it  is  necessary  to  extend 
the  triangulation  which  is  already  controlled  by  the  network  of  the 
first  and  second  orders,  two  to  four  arcs  are  usually  taken  when 
observing  from  any  such  additional  point ;  for  intersection  of  other 
points  not  less  than  three  or  more  than  six  observations  are  to  be 
employed,  and  for  resection  not  less  than  four  nor  more  than  eight. 

The  theodolite  traverses  are  either  main  or  subsidiary ;  the  former 
are  carried  as  directly  as  possible  from  one  triangulation  point  to 
another,  while  the  latter  follow  the  features  of  the  ground.  They 
may  not  be  more  than  1,000  metres  long  as  a  rule,  and  the  sides  may 
not  be  more  than  500  nor  less  than  50  metres  in  length.  The  angles 
are  observed  once  in  each  position  of  the  telescope. 

Areas  are  computed  from  field  measurements,  and  also  measured 
graphically ;  the  permissible  difference  between  such  determinations 
on  the  scale  of  1 :  1,250  for  level  ground  is  : 

d  =  0-25  V/A  -f-  0-00075  A 
where  A  is  the  area  in  square  metres  ;  for  maps  on  the  scale  of  1  :  2,500 
it  is  one  and  a  half  times  larger,  and  the  angular  error  of  closure  may 
not  exceed  1.5  j/^  minutes  where  n  is  the  number  of  angles  measured. 
The  sides  are  measured  with  rods,  which  are  compared  frequently 
with  a  standard  and  are  not  allowed  to  vary  more  than  1.6  millimetre 
in  the  case  of  a  5-metre  rod  nnr  more  than  1.3  millimetre  for  a  3-metre 
rod.    The  linear  error  of  traverse  on  level  ground  may  not  exceed: — 

d  =  O-Ol  V/[L]  +  0-0005  [L*]  +0-1  V/»^  in  metres 

where  [L]  is  the  sum  of  the  lengths  of  the  sides  and  n  is  the  number 
of  the  sides. 

The  scale  used  for  the  maps  is  1  :  1,250  for  towns  and  villages  and 
1  :  2,500  for  the  open  country,  all  sheets  being  lithographed  on  stone 
and  sold  to  the  public. 
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Maps  are  plotted  from  field-books  in  which  all  detail  is  entered  up, 
and  dimensioned  field-sketches  on  scales  of  1  :  250,  1  :  500,  1  :  1,000 
or  1  :  2,500  are  made  whenever  it  may  be  necessary.  The  map-sheets 
are  laid  out  in  four  quadrants  N.E.,  S.E.,  S.W.  and  N.W.,  and 
numbered  for  easy  reference. 

It  will  be  noticed  that  in  all  the  cadastral  services  which  have  been 
((uoted  different  scales  have  to  be  employed  according  as  large  or 
small  holdings  predominate ;  it  is  therefore  necessary  to  employ  two  or 
three  to  suit  the  different  conditions  which  occur.  The  sheets  are 
sometimes  correctly  oriented,  but  in  other  surveys  may  be  drawn  in 
any  position. 

The  principal  modifications,  therefore,  which  will  have  to  be  intro- 
duced in  the  procedure  of  the  present  Cadastre  are  : — 

(1)  Recording  the  dimensions  of  plots  so  that  the  area  may  be  com- 
puted from  them ; 

(2)  Determination  of  areas  of  plots  by  mensuration  ; 

(3)  Employment  of  larger  scale  plans  for  towns,  village  sites,  and 
places  where  the  plots  are  exceptionally  small ; 

(4)  The  recording  of  property  in  villages  and  towns  which  is  not  at 
present  recorded  in  the  land  registers  since  land-tax  is  not  imposed  on 
it. 

The  form  of  register  employed  must  depend  greatly  on  the  laws  and 
customs  of  the  country  concerned,  so  that  there  is  little  advantage  in 
reproducing  those  of  many  different  cadastral  services.  As  a  type, 
however,  of  the  kind  of  register  which  would  probably  have  to  be 
kept,  we  may  take  those  of  the  canton  of  Geneva. 

Four  registers  are  kept  at  the  ofl&ce  of  the  Cadastre.  In  the  first 
of  these  the  plots  are  recorded  in  serial  order  ;  the  number  of  the  plot,  a 
reference  to  the  map-sheet  on  which  it  occurs,  its  area,  any  buildings 
situated  on  it,  references  to  any  entries  concerning  it  in  the  mutation 
register,  and  the  names  of  successive  owners  are  given ;  a  specimen  of 
thes  register  is  given  on  p.  382-3.  In  the  second  the  plots  belonging 
to  each  proprietor  are  collected ;  the  number  of  each  plot,  a  reference 
to  the  map-sheet,  its  area,  the  buildings  which  are  situated  on  it, 
and  references  to  any  transfer  of  plots  which  may  take  place  are  here 
recorded.    This  is  the  "  Registre  des  Proprietaires,"  shown  on  p.  384 


•  Apparently  for  work  in  the  City  only. 
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The  third  is  the  "  Registre  des  Batiments,"  in  which  is  recorded  the 
plot  in  which  the  building  stands,  its  ownership,  any  transfers  which 
may  take  place,  and  full  details  concerning  the  building,  its  area, 
purpose,  material,  etc.,  see  p.  385. 

The  fourth  is  an  index  of  the  landowners  by  which  all  information 
about  the  property  of  any  one  can  be  readily  traced.  Copies  of  all 
deeds  of  sale,  transfers,  etc.,  are  also  filed  and  references  to  them  are 
entered  in  the  registers  so  that  any  entry  can  be  quickly  verified.  There 
are  24,596  hectares  (58,550  feddans)  in  the  canton  of  Geneva  and 
it  is  divided  into  forty-eight  communes  for  each  of  which  a  set  of 
registers  is  kept,  each  of  which  may  run  into  several,  sometimes  many 
volumes. 

Besides  these  four  registers  which  are  kept  for  each  commune,  there 
is  also  a  single  register,  "  Registre  des  Mutations,"  kept  for  the  whole 
canton,  in  which  all  transfers  of  land  from  one  owner  to  another  are 
recorded  (see  p.  386).  A  page  is  allotted  to  each  one  and  a  complete 
summary  of  the  circumstances  and  references  to  the  official  documents 
are  given.  These  include  the  name  of  the  commune,  the  number  of 
the  plot  or  plots,  the  cadastral  numbers  of  any  buildings  there  may 
be,  the  date  of  the  deed,  references  to  the  registers  where  a  copy 
of  it  is  filed,  the  names  of  the  parties  concerned  and  any  other  special 
information.  Every  such  transfer  of  land  must  be  accompanied  by 
a  copy  of  the  portion  of  the  cadastral  map  showing  the  land.  This 
is  copied  from  the  cadastral  map,  which  only  exists  in  original  at  the 
cadastral  office,  by  a  licensed  surveyor  who  having  made  the  copy 
adds  to  it  the  additions,  alterations,  etc.,  that  may  be  needed  and  is 
solely  responsible  for  the  correctness  of  the  plan.  The  cadastral 
officials  merely  verify  the  accuracy  of  the  copy  of  their  plan  and  not 
that  of  the  additions  made  to  it.  In  this  manner  both  the  cadastral 
maps  and  registers  are  kept  constantly  up  to  date,  since  every  transfer 
has  to  be  registered  in  the  cadastral  office  before  it  is  valid.  A  speci- 
men of  such  a  modified  extract  from  the  cadastral  maps  is  given  in 
Plan  XXX. 
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D 


DESIGNATION  DES  PROPRIETAIRES  SUCCESSIFS 

Avec  la  dato  et  le  num(Sro  d'ordre  de  la  mutation  qui  a  donn6  lieu  k  leur  inscription  au  cadastre 
NU.VIERO  D'ORDRE  DU  CO^PTE  OUVERT  A  CHAQUE  PROPRIETflIRE  SUCCrSSIF 

t  sua  LE  REGISTRE  DES  PROPRIETAIRES 


des  Proprietaires  successi's 
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REGISTRE  DES  PROPRI^TAIRES 


NUH^RO  D'ORDRE  DU   COMPTE  PR^C^DENT, 
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Le  Conservateur. 


^  T=>  :F>  E  3Sr  ID  I C  E  s . 


APPENDIX  I. 


DECRET 

Du  10  aodt  1879,  fixant  les  attributions  du  Cadastre. 

Nous,  KhIidive  D'EoYiTE, 

Sur  la  proposition  du  Notre  Conseil  dcs  Ministres  ; 
Decretons  et  promulgons  ce  qui  suit : 

Article  Premier. 

Afin  d'assurer  une  egale  repartition  de  I'impot  foncier  entre  tous  les  contribu- 
ablcs,  proportionnpllement  k  la  valeur  des  biens  que  cliacun  d'eux  possede,  il  sera 
precede  a  la  confection  d'un  Cadastre  general,  c'est-a-dirc  k  la  levee  des  plans  et  a 
la  classification  des  terrains  de  la  Haute  et  de  la  Basse  Egypte. 

Art.  2. 

Le  service  du  Cadastre  constituera  une  administration  distincte  relevant  du 
Ministere  des  Finances  ;  la  direction  en  sera  confiee  a  un  Directeur  General  nomme 
par  decret,  sur  la  proposition  du  Conseil  des  Ministres.  Les  Inspecteurs  du  service 
seront  nomnies  par  arrete  Ministeriel  sur  la  proposition  du  Directeur  General. 
Tous  les  autres  employes  du  service  seront  nomm6s  directement  par  le  Directeur 
General. 

Art.  3. 

Le  Directeur  General  dirigera  toutes  les  operations  cadastrales  et  tous  les 
services  dependant  de  son  administration. 

A  cet  effet  il  a  qualite  pour  rediger  et  mettre  en  execution  tous  reglements 
d'organisation,  d'attributions  et  de  discipline. 

Art.  4. 

En  aucun  cas  les  operations  cadastrales  ne  pourront  prejuger  les  questions  de 
proprietes  ni  prejudicier  aux  droits  des  particuliers. 
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Art.  5. 

Apres  I'achevement  des  travaux  d'art,  il  sera  precede  k  la  classification  des 
terrains.  Les  experts  classificateurs  determineront  en  combien  de  classes  chaque 
nature  de  propriete  doit  etre  divisee  k  raison  des  divers  degres  de  fertilite  des 
terrains  et  de  la  valeur  iles  produits. 

Art.  6. 

Les  reclamations  qui  concernent  les  operations  de  delimitation  et  de  classifica- 
tion ayant  un  caractere  purement  administratif  seront  adressees  hierarchiquement 
aux  Agents  du  Cadastre  et  seront  decidees  en  dernier  ressort  par  le  Ministre  des 
Finances  sur  I'avis  du  Direct«ur  General. 

Art.  7. 

La  minute  du  plan  parcellaife  et  le  registre  dans  lequel  seront  inscrits  les 
terrains  au  moment  des  operations  cadastrales,  seront  conserves  aux  archives  du 
Ministere  des  Finances  ;  il  en  sera  fait  deux  copies  conformes  :  la  premiere  dressee 
par  la  Moudirieh  sera  deposee  au  clief-lieu  de  chaque  Moudirieh  et  confiee  a  un 
employe,  responsable  de  sa  conservation  ;  cet  employe  sera  nomme  par  le  Directeur 
General  du  Cadastre  et  residera  a  la  Moudirieh  sous  les  ordres  du  Moudir ;  la  seconde 
copie  sera  generale  et  restera  deposee  a  la  Direction  du  Cadastre. 

Art.  8. 

Toute  personne  aura  le  droit  de  prendre  communication  des  registres  et  des  plans 
du  Cadastre,  soit  dans  les  Moudiriehs,  soit  a  la  Direction  Generale. 

II  sera  delivre,  k  tous  interesses  qui  en  feront  la  deniande,  copie  d'une  ou  do 
plusieurs  des  parcelles  cadastrees  moyennaiit  le  paienient  prealaLle  d'un  droit  (]ui 
sera  ulterieurement  deterniiue. 

Art.  9. 

Deux  jours  au  nioins  avant  qu'il  soit  procede  aux  operations  d'arpentage  ou 
classification  dans  un  district  (Kism),  la  Direction  Generale  en  previendra  le  public 
par  un  avis  publie  au  chef-lieu  du  Kism  et  dans  les  principaux  Beleds. 

II  sera  loisible  aux  proprietaires,  fermiers,  regisseurs  et  a  tous  interess6s  d'assis- 
ter  tant  aux  operations  de  I'arpentage  qu'k  celles  de  la  classification  et  de  presenter 
leurs  observations. 

Art.  10. 

Les  Moudirs,  Nazirs-el-Kisin,  Cheikhs-el-Beled,  Sarrafs,  Agents  de  I'Autorite  et 
fonctionnaires  de  tout  ordre  et  de  tout  rang  seront  tenus  de  foumir  aux  Agents 
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du  Cadastre  tous  les  renseignements  qui  leur  seront  demand^s  et  de  les  aider, 
chacun  dans  la  limite  de  ses  attributions,  dans  I'accomplissement  de  leur  mission. 

Les  Inspecteurs  et  Agents  du  Cadastre  s'entoureront  de  tous  les  renseignements 
qu'ils  pourront  recueillir  et  enteridront  toutes  les  personnes  dont  les  indications 
pourraient  se  rattacher  utilement  aux  operations  cadastrales  qui  leur  sont  confiees. 

Art.  11. 

Une  Commission  dont  Torganisatioii  et  le  fonctioniienient  seront  ultcrieuremeiit 
determines  par  le  Ministre  des  Finances  sur  la  proposition  du  Directeur  General, 
proc6dera  k  la  revision  du  classement  des  terrains. 

Les  formes  et  conditions  dans  lesquelles  les  interesse.s  sorout  avertis  des  decisions 
de  la  Commission  et  pourront  se  pourvoir  contre  ellc,  seront  ultcrieurement 
dcterminees. 

Art.  lU. 

Toutes  dispositions  des  codes,  lois  et  reglements,  tous  usages,  coutumes  et 
traditions  contraires  au  present  decret,  seront  consideres  comme  nuls  et  non 
avenus. 

Notre  Ministre  des  Finances  est  charge  de  1 'execution  du  present  decret. 
Fait  &  Alezandrie,  le  10  aoftt  1870. 

MBHEMET  THEWFIK. 


Le  Prisident  du  ConaeU  des  MinUlret, 
Ch^bit. 


Le  MinUtre  des  Finances, 
IsMAU.  Faoha  Eyoub. 
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DECRET 

Portant  rediiction  de  216.000  L.E.  par  an  sur  Vim'pot  fancier,  de  1898  d  1907. 


Nous,  Khedive  d'Egypte, 
Vu  les  articles  1,  2  et  3  du  decret  du  12  juillet  1888 ; 

Sur  la  proposition  de  Notre  Conseil  des  Ministrcs  ct  avec  I'assentiment  des 
Puissances  signataires  de  la  Convention  de  Londres  du  17  mars  1885  ; 
Avons  decretd  et  d6cretons  : 

Article  premier. 

A  partir  de  I'exercice  1898  et  jusques  et  y  compris  I'annde  1907, 1'impot  foncier 
sera,  sous  la  reserve  de  I'assentiment  annuel  de  la  Caisse  de  la  Dette,  r4duit  d'une 
somme  de  216.000  L.E.  par  an. 

Les  reductions  seront  efEectuees  pour  chaque  province  d'apres  I'etat  ci-annexe. 

Art.  2. 

La  somme  n6cessaire  au  degrevement  autorise  paj  Particle  premier  figurera  dans 
les  comptes  du  Gouvernement  comme  une  recette  affectee.  EUe  sera  imputee  en 
premiere  ligne  sur  le  montant  des  coupons  des  titres  appartenant  au  fonds  de 
reserve  (sans  qu'il  soit  pr6judicie  aux  engagements  de  garantie  qui  grcvent  ou 
greveront  les  titres),  et  en  seconde  ligne  sur  la  part  prise  par  ce  fonds,  jusqu'a 
concurrence  du  quart  de  cette  part,  dans  les  excedents  de  I'annee  precedente. 

Art.  3. 

Dans  le  cas  ou  le  montant  des  coupons  des  titres  et  le  quart  de  la  part  prise  par 
le  fonds  de  reserve  dans  les  excedents  n'atteindraient  pas,  dans  une  annee  quelcon- 
que,  le  chiffre  de  216.000  L.E.,  le  Gouvernement  aura  la  faculte  ou  de  supprimer 
les  reductions  pour  la  dite  annee,  ou  de  les  eliectuer  en  comblant  la  difference  sur 
les  recettes  non-affect6es. 

Art.  4. 

Notre  Ministre  des  Finances  devra  s'adresser  chaque  annee,  apres  la  cloture  des 
comptes  de  I'annde  precedente,  a  la  Caisse  de  la  Dette  pour  obtenir  son  assentiment. 

II  lui  fournira  les  justifications  qu'ellc  demandera  concernant  I'emploi  du  credit 
fix6  dans  I'article  premier,  ainsi  que  les  renseignements  necessaires  sur  I'avancement 
des  operations  cadastrales  prealables  a  la  percquation  des  impots,  et  sur  le  resultat 
do  la  perequation,  par  augmentation  ct  diminution,  au  fur  ct  k  mesure  de  la 
cloture  des  operations  partielles. 
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Art.  5. 

Les  Commissaires  de  la  Dette  ne  pourront  refuser  leur  assentiment  que  dans  le 
cas  ou  les  conditions  indiquees  dans  les  articles  1,  2  et  3  ne  seront  pas  remplies, 
ou  bien  si  le  Gouvernement  refusait  de  donner  les  justifications  ou  de  fournir  les 
renseignements  prcvus  par  I'article  4. 

Art.  6. 

Notre  Ministre  des  Finances  est  charge  de  I'execution  du  present  decret. 
Fait  au  Palais  d'Abdine,  le  26  Novembre  189S. 

ABBAS  HILMI. 

Par  le  Khddive: 
Le  President  du  Conaeil  dea  ifintatres, 

MOUSTAPHA  FbHMY. 

Le  Ministre  des  Affaires  Strangeres, 
BouTBOS  Ghali. 

Le  Ministre  des  Finances, 
Ahmed  Mazloum. 

Etat  des  sommes  a  degrever. 


Moudirichs 


Basse-Egypte 


Kallioubit'li 
Charkieli ... 
Dakahlieli... 
Gliarlneh ... 
Menoufieh 
Behera 


ttuizoh 
lioni-Souet' 
Fayouin  ... 

Minia  

A.ssiout  . . . 
Guir<j;a 

Ki'uia  

llowdouci . . . 


Total. 


Haute-Egypto 


Total. 
Total  g^n^ral. 


Siiperflcie 


I'cddans. 


4.971 
41.539 
105.012 
163.051 
9.099 
82.198 


405.870 


45.827 
109.755 
51.302 
94.812 
178.333 
66.500 
5.986 
2.683 


555.198 


961.068 


Montaiit 
du  degrfsvemeiit 


L.  E. 


1.558 
9.940 
28.431 
48.200 
3.]48 
24.516 


115.793 


8.607 
24.824 
13.785 
20.738 
21.912 
9.086 
867 
384 


100.203 


215.996 


REGLEMENT  * 
Dm  13  avrU  1899  relatif  am  operations  de  I'Arpentage. 


]°  Le  service  technique  de  I'Arpentage  est  charge  de  faire  les  <(Mizaniehs» 
dans  les  villages  memes ;  ces  registres  doivent  etre  prepares  dans  I'espace  d'un 
mois  a  partir  du  jour  oil  I'on  aura  acheve  la  verification  des  superficies  donnees 
par  I'Arpentage,  h  moins  qu'il  n'y  ait  des  raisons  speciales  pour  prolonger  ce 
delai,  ce  qui  doit  toutefois  etre  autorise  par  un  inspecteur  de  I'Arpentage. 

2°  Les  etats  de  «Tafrigh»  faits  actuellement  par  le  .Service  Technique  de 
I'Arpentage,  seront  desormais  prepares  en  prenant  en  consideration  le  total  des 
superficies  constatees,  lors  de  I'arpentage,  au  nom  do  chaque  detenteur,  et  ce  an 
lieu  du  systeme  actuellement  adopte  qui  consist*  a  prendre  le  total  des  superficies 
portees  sur  le  Moukallafah  au  nom  de  chaque  proprietaire.  Lecture  devra  etre 
faite  de  ces  etats  de  «  Tafrigh  »  en  presence  des  habitants  des  villages. 

3°  Les  sarrafs  se  joindront  aux  agents  de  I'Arpentage  pour  preparer  les  «  Mizan- 
iehs »  des  villages  de  leur  serafieh  ;  leurs  attributions  seront  les  suivantes  : 

a)  Indiqucr  d'une  maniere  exacte  les  terrains  de  chacun  des  detcnteurs  figurant 
sur  I'etat  dit  « Kaschf  El  Saraf »  d'apres  les  indications  portees  sur  ses  registres, 
et  ce  apres  avoir  pris  note  des  changements  qui  auraient  pu  subvenir  dans  le 
Moukallafah  aprea  la  date  de  I'^tat  primitif. 

b)  Indiquer  sur  I'etat  les  terrains  qui  auraient  pu  etre  pris  du  Zimam  des  villages 
voisins  et  ajoutes  au  village,  avec  mention  des  impots  de  ces  terrains.  lis  indique- 
ront  egalement  les  terrains  qui  auraient  pu  etre  ajout6s  aux  terrains  d'un  autre 
village,  et  ce  d'apres  les  superficies  donnees  par  I'Arpentage. 

r)  Verifier  et  s'assurer  que  les  indications  portees  sur  les  « Mizaniehs »  devant 
chaque  nom,  en  ce  qui  concerne  les  taux  d'impots,  les  superficies  de  Tawalefs,  etc., 
sont  exactes  et  conformes  aux  registres  de  la  Moudirieh. 

Les  inspecteurs  de  I'Arpentage  s'entendront  directement  avec  les  Mamours 
Markaz  au  sujet  du  temps  que  les  sarrafs  auront  k  affecter  pour  faire  ces  travaux. 

4°  Le  Service  Technique  de  I'Arpentage  enverra  directement  au  Controle  des 
Contributions  Directes  aux  Finances,  les  registres  d'Arpentage,  de  Mizanieh  et  de 
Tafrigh,  des  villages  termines.  —  Ces  registres  doivent  etre  accompagnes  du  plan 
du  village. 

II  enverra  egalement  au  Controle  des  Immeubles  Libres  une  copie  du  plan  de 
chaque  village  accompagnee  d'un  bordereau  des  biens  appartenant  k  cette  Admi- 
nistration. 


♦  "  La  legislation  en  mati^re  immobiliAre,"   Slinistry  of  Finance,  Cairo,  1901,  page  000. 
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5"  Le  Controle  des  Contribu  ions  Directes  enverra  au  Moudiriehs  respectives  le 
r  igistre  contenant  I'arpentage,  le  Mizanieh  et  'e  Tafrigh,  afin  qu'elles  preparent  le 
nouveau  Moukallafah  dans  un  delai  de  30  jours. 

Ce  delai  peut  etre  augmente  par  un  ordre  special  du  dit  Contro'e,  et  ce,  dans  les 
inois  oil  Ics  eclieances  a  pcrcevoir  sur  les  inipots  sont  considerables. 

6"  Les  excedents  d'arpentage  qui  seront  constates  a  la  suite  de  rarpcutage. 
seront  regis  par  les  instructions  speciales  *. 

Lea  Moudiriehs  auront  k  prendre  note  sur  les  nouveaux  Moukallafahs  des  chan- 
gjinents  pouvaiit  surveiiir  a  la  suite  de  la  vente  de  terrains  de  I'Etat  ou  de  toute 
autre  cause  provenant  de  la  mise  en  execution  des  dites  instructions,  et  ce  des  que 
C3S  changements  lui  seront  communiques  par  le  Controle  des  Immeubles. 

7"  La  procedure  contenue  dans  les  articles  1,  2,  3,  4  et  5  des  presentes  instruc- 
tions sera  adoptee  pour  les  villages  ou  sc  poursuit  actuellement  I'arpentage  et  noii 
t  ormine,  comme  pour  les  villages  qui  seront  arpentes  a  I'avenir. 

Le  Controle  des  Immeubles  doit  terminer  les  Mizanielis  qui  se  trouvent  main- 
tenant  entrc  les  mains  de  ses  agents,  ainsi  que  les  Mizaniehs  des  villages  que  Ic 
Service  Technique  lui  a  fait  savoir  etre  termines.  Ces  Mizaniehs  doivent  etre 
acheves  dans  un  delai  a  fixer  par  Monsieur  le  directeur  des  Immeubles  libres  de 
I'Btat. 

Quant  aux  villages  arpentes,  qui  ne  rentrent  pas  dans  la  categorie  visee  par  le 
paragraph  7  des  presentes  instruct  ons,  le  Service  Technique  est  charge  d'en  faire 
les  Mizaniehs  et  d'en  envoyer  les  registres  au  Controle  des  Contributions  Directes 
dans  un  delai  a  fixer  par  Monsieur  le  directeur  de  I'Arpentage  general. 


DECRET 

Du  28  avril  1891  fortant  application  du  systeme  metrique  decimal 
dans  les  Administrations  de  I'Btat  d  partir  du  1^  janvier  1892. 


Nous,  Kh6dive  d'Egypte, 

Considerant  les  variations  qui  se  sont  produites,  avec  le  temps,  dans  la  valeur 
des  poids  et  mesures  egyptiens  ainsi  que  les  differences  qui  existent  entre  les 
divers  poids  et  mesures  usites  en  Egypte  ; 

Considerant  qu'il  importe  que  les  transactions  aient  pour  base  des  poids  et 
mesures  dont  la  valeur  soit  parfaitement  determinee  ; 


*  Voir  COS  instruotiotis  au  ChapitroXX,  .Sous-Chapitro  1",  Bieng Libres,  p.  170  de  la  "Legislation 
en  mati^re  immobilioro." 
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Considdrant  les  avantages  que  presente  k  ce  point  de  vue  le  systeme  m^trique 
decimal  des  poids  et  mesures,  ayant  pour  base  le  metre  de  la  Commission  Inter- 
nationale du  metre ; 

Considerant  que  pour  permettre  I'application  du  systeme  metrique  sans  apportcr 
de  trouble  au  regime  des  transactions  ordinaires  du  pays,  il  convient  de  fixer  le 
rapport  des  poids  et  mesures  egyptiens  avec  les  poids  et  mesures  metriques  d'apres 
la  valeur  actuelle  des  poids  et  mesures  effcctivement  en  tisage  en  Egypte  ; 

Considerant  le  resultat  des  experiences  de  comparaison  effectuces  par  la  Com- 
mission des  poids  et  mesures  instituee  par  decision  de  Notre  Conseil  des  Ministres 
en  date  du  14  juin  1886  (12  Ramadan  1303). 

Sur  I'avis  conforme  de  Notre  Conseil  des  Ministres, 

Le  Conseil  legislatif  entendu  : 

DECRETONS : 
Article  peemier. 

A  partir  du  1^  janvier  1892,  les  Administrations  de  I'Etat  appliqueront  le 
systeme  metrique  decimal  dans  leurs  services  ainsi  que  dans  leurs  rapports  avec 
le  public. 

La  denomination  correspondante  des  poids  et  mesures  egyptiens  pourra  etre 
mentionnee  en  meme  temps  que  I'^nonciation  des  poids  et  mesures  metriques  dans 
tons  les  actes  publics  ou  documents  adininistratifs. 

Les  mesures  agraires  continueront  jusqu'Jl  nouvel  ordre  h  etre  calculees  et 
enoncees  d'apres  les  mesures  existantes,  conform6ment  aux  dispositions  du  decret 
du  15  Zilcade  1277  et  du  nota  bene  y  annex6  du  7  Chaban  1292. 

Le  tonnage  des  navires  continuera  6galement  a  etre  mesure  et  enonce  suivant  les 
regies  existantes. 

Art.  2. 

Le  metre  de  la  Commission  Internationale  du  metre  est  I'etalon  prototype 
auquel  serontTapportes  les  poids  et  mesures  egyptiens. 

Art.  3. 

Le  rapport  metrique  des  poids  et  mesures  6gyptiens  est  fixe  comme  il  suit : 
Mesures  de  longueur  :  diraa  baladi,  0  metre  58  centimetres. 
Mesures  de  poids  :  dirhem,  3  grammes  12  centigrammes. 
Mesures  de  capacite  :  ardeb,  198  litres. 

Le  rapport  metrique  des  multiples  et  sous-multiples  de  ces  unites  est  fixe  au 
tableau  d'equivalence  annexe  au  present  decret. 

Art.  4. 

Des  poids  et  mesures  etalons  seront  deposes  au  chef-lieu  de  cliaqiie  Moudirieh 
et  Gouvernorat  pour  permettre  la  verification  des  poids  et  mesures. 


—  395  — 


Art.  5. 

Nos  Ministres  sont  charges,  chacun  en  ce  qui  le  concerne,  de  I'exdcution  du 
present  Decret. 

Fait  au  Palais  d'Abdine,  le  19  Bamadan  1308  (28  avril  1891). 

MEHEMET  THEWFIK. 

Par  le  Kh6divo: 
Le  Prisident  du  Conseil  des  Minieires, 

RlAZ. 


DECRET 
Du  15  ZUcadeh  1277  (25  mat  1861). 


L'arpentage  des  terres  aura  desormais  pour  base  I'unite  de  mesure  appelee 
kassaba,  representant  trois  metres  cinquante-cinq  centimetres  selon  la  chaine 
adoptee  par  les  ingenieurs. 

N.B.  — Dans  toute  I'Egypte  et  ses  dependances  le  feddan  est  represente  prr 
trois  cent  trente-trois  Jcassabas  et  un  tiers  carres,  base  reconnue  par  le  Gouver- 
nement  egyptien  d'apres  les  cadastres  faits  du  temps  de  feu  S.A.  Mohammed-Aly 
pacha. 

Sont  exceptees  de  cette  regie  depuis  longues  annees  certaines  localites  dont 
I'etendue  est  insuffisante  a  parfaire  la  superficie  sus-indiquee  pour  le  feddan. 
A  regard  de  ces  localites,  la  superficie  en  feddans  est  determinee  par  les  titres  de 
propriete,  la  possession  et  I'inscription  sur  le  role  des  contributions. 


DECRET 
Du  28  avrU  1891. 


Art.  l'^'".  —  Les  mesures  agraires  continueront  jusqu'li  nouvel  ordre  k  etre 
calculees  et  6noncees  d'apres  les  mesures  existantes,  conformement  aux  dispo- 
sitions du  decret  du  15  Zilcadeh  1277  et  du  Nota  Bene  y  annexe. 
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APPENDIX  U. 


CERTIFICATES  OF  STANDARD  OF  LENGTH. 


CERTIFICATE  N".  1. 


No.  206. 

Dated  19th  Jidy,  1898. 

THIS  IS  TO  CERTIFY  that  three  subdivided  metres,  forming  a  standanl 
triple  metre  scale  (No.  25)  belonging  to  the  Geological  Survey  Department  of 
Kgypt  have  been  verified  at  the  Standard  Department  of  the  Board  of  Trade  for 
Messrs.  Elliott  Brothers  of  London,  and  their  whole  lengths  ascertained,  in  terms 
of  the  iridio-platinum  and  standard  metre  numbered  6  deposited  with  the  Board 
o  Trade  ;  as  follows  at  0°  Centigrade  : 

Metre  marked  1  ..  ..   0  =  Metre  No.  6  —  0-1274  milhmetre. 
,,      2  ....   3  =     „       „    -  0-1309 
„     4  ..  ..   4  =     „       „    -  0-1302 
Note.— End  Metre  No.  6  =  1  metre  +  13-2  At  0"C. 

Signed:  H.  J,  Chasev, 
Superintendent  of  Weights  and  Measure!. 

Standards  Department, 

Board  of  Trade. 


Coefficient  of  linear  expansion  triple  metres  =  0-000019     for  PC. 

Metre  No.  G  =  0-000008G2  for  1"C. 


CERTIFICATE 

OF 

VERIFICATIONS. 


CERTIFICATE  N".  2. 


No.  333. 

Dated  18th  March^J904. 

THIS  IS  TO  CERTIFY  that  three  Standard  Measures  each  of  1  Metre  num- 
bered 25 J  and  marked  respectively  0  ...  1,  2  ...  3,  and  4  . . .  5,  forming 
together  a  Triple  Metre  Measure,  the  property  of  the  Survey  Department  of  the 
Public  Works  Ministry,  Cairo,  have  been  verified  by  the  Board  of  Trade,  the 
temperatures  of  the  bars  under  comparison  being  ascertained  in  terms  of  the 
normal  Hydrogen  scale  by  means  of  Tonnelot  thermometers,  and  the  observations 
being  subsequently  reduced  by  calculation  to  the  normal  temperature  of  metric 
measures,  viz.,  0"  Centigrade,  AND  THAT  their  lengths  at  0°  Centigrade  have 
been  determined  to  be  as  follows  : 

0  ..  ..1  (No.  251)  =  1  Metre  —  0-006  millimetre  or  0-999994  metre. 
2  ..  ..3  (No.  251)  =  1     „     —  0-005        „         „  0-999995  „ 
4  ..  ..5  (No.  251)  =  1     „     —0-012        „         „  0-999988  „ 

The  lengths  stated  above  are  the  respective  lengths  at  0°  Centigrade  of  the 
three  several  Metres  as  measured  from  end  to  end  of  each  Metre  and  were  ascer- 
tained for  each  metre  separately  and  not  when  the  Three  Metres  were  butted 
together  to  form  the  Triple  Metre. 

The  coefficient  of  linear  expansion  tor  each  of  the  bars  was  taken  as  0-00001 21 
metre  for  1"  Centigrade. 

Signed :  H.  J.  Chaney, 
Superintendent  of  Wetghit  and  Meamret. 

Standards  Department, 

Board  of  Trade. 


CERTIFICATE 
OF 

VERIFICATIONS. 


CERTIFICATE  N°.  3. 


No.  196. 

Dated  18th  December,  1897 

THIS  IS  TO  CERTIFY  that  a  subdivided  Metre  scale  has  been  compared 
with  the  Standards  of  the  Board  of  Trade  for  Messrs.  Elliott  Brothers  and  the 
length  between  its  extreme  dividing  lines  has  been  ascertained,  in  terms  of  the 
iridio-platinum  linear  standard  metre  numbered  16  deposited  with  the  Board  of 
Trade,  to  be  as  follows  : 

At  0°  C  =  1-0000.3659  Metre  No.  16  at  0°  C. 
At  62°  F  =  1-00035326  Metre  No.  16  at  0°  C. 

The  verification  stamp  (portcullis  and  date)  has  been  etched  on  the  bar. 
HJ). 

Signed :  H.  J.  Chaxey, 
Superintendent  of  Weights  and  Mcasmca. 

Standards  Department, 

Board  of  Trade. 


CERTIFICATE 
OF 

VERIFICATIONS. 


CERTIFICATE  N°.  4. 


GERTIFIGAT 

d'une  Regle-Etalon  decimetrique,  en  acier-nickel,  appartenant 
a  la  Direction  Gen6rale  des  Arpentages  d'Egypte. 

Description. 

Cette  regie,  construite  par  les  soins  du  Bureau  international  des  Poids  et  Mesures 
est  en  acier-nickel  a  30  pour  100  environ  de  nickel.  La  section  est  celle  d'un 
rectangle  de  21  %  sur  7  % ;  sa  longueur  totale  est  de  150  %  environ.  EUe  porte, 
a  son  extremite  voisine  du  zero  de  I'echelle,  le  nuna6ro  41,  frappe  au  poin^on. 

La  regie  est  divisee  en  millimetres  sur  une  longueur  de  100  % ;  et  porte  a 
cliaque  extremite  de  la  division  un  trait  supplementaire  ;  elle  est  chifEree  de  10  % 
en  10  %  la  distance  de  10  %  du  dernier  trait  se  trouve  un  millimetre  divise 
en  dixiemes  et  prolonge  des  deux  cotes  par  un  trait  supplementaire.  La  division 
est  recoupee  par  deux  traits  longitudinaux,  situes  a  0'^,2  de  distance,  limitant 
entre  eux  la  partie  utile  des  traits  transversaux.  La  regie  est  contenue  dans  \m 
6crin  en  acajou  portant  le  meme  numero. 

Etude. 

Dilatation.  —  La  dilatation  de  la  reglottc  a  etc  supposce  egale  a  celle  d'une  regie 
de  1  metre  de  longueur  prise  dans  la  mcmc  coulee  ;  les  mesures  de  cette  derniere, 
faitcs  au  comparateur  a  dilatation  du  Bureau  international,  k  six  temperatures 
differentes,  comprises  entre  0"  et  38°,  out  donne,  pour  la  dilatation  moyenne 
entre  0°  et  T", 

X  =  (0,965  —  0,00017  T)  10  —  ^ 
exprimant  la  temperature  en  degres  centigrades  dans  I'echelle  normale  du  thermo- 
metre  hydrogene. 

Erreurs  de  Division.  —  Les  erreurs  de  la  division  ont  6t6  determinees  k  I'aide 
d'un  comparateur  a  deplaccmcnt  longitudinal,  construit  specialement  pour  cet 
objet,  et  muni  de  microscopes  dont  le  grossissement  est  d'environ  200  diametres. 
La  r^glette  etant  placee  sur  le  banc  mobile  du  comparateur,  dans  I'alignement 
d'un  autre  etalon  du  meme  alliage,  on  a  compare  chacun  de  ses  intervalles  centi- 
m6triques  k  tous  les  intervalles  centimetriques  de  I'etalon  auxiliaire ;  ensuite 
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chacun  des  intervalles  millimetriques  du  premier  centimetre  de  la  seconde  regie. 
Le  meme  procede  a  ete  applique  aux  intervalles  du  millimetre  subdivise  en  dix- 
iemes.  Ce  millimetre  a  ete,  k  son  tour,  compare  aux  dix  millimetres  connus  de  la 
regie  auxiliaire. 

Equation.  —  La  longueur  totale  du  decimetre  a  ete  determinee  par  une  compa- 
raison,  en  s^rie  fermee,  avec  deux  autres  regies  du  meme  alliage,  dent  I'une  avait 
ete  determinee,  egalement  en  serie  fermee,  avec  cinq  autres  regies  prealablement 
comparees  aux  dix  decimetres  successifs  de  la  regie  normale  du  Bureau  interna- 
tional. Connaissant  I'equation,  on  a  pu  rapporter  enfin  les  crreurs  de  la  division  a 
la  longueur  totale  de  la  regie. 

IjCS  intervalles  etudies  fourniront  au  moins  un  etalon  de  toute  longueur  d'ua 
nombre  entier  de  millimetres,  inferieure  a  1  decimetre. 

Le  tableau  suivant  donne  les  longueurs,  comptees  a  partir  du  trait  0,  et  a  la 
temperature  de  0°,  de  tous  les  intervalles  de  la  regie. 


Valeuus  dks  ckntimetres  et  Mii-MJiirruES 

UE  LA  REGLE  N"  41,  A  0°,  COMPTP^S  A  PAHTIK  DU  TKAIT  0. 


Traits. 

Intervalles. 

Traits. 

Intervalles. 

0 

QIIUII 

0|A'0 

10 

01"™ 

+  2jx-0 

1 

1 

+ 

1-2 

20 

20 

+'  2-0 

2 

2 

+ 

IM) 

30 

30 

+  1-4 

3 

3 

+ 

l-d 

40 

40 

+  0-9 

4 

4 

+ 

1-6 

50 

50 

+  1-7 

5 

5 

+ 

l-O 

CO 

fiO 

+  2-3 

C 

+ 

IT) 

70 

70 

+  1-5 

7 

7 

+ 

1-9 

80 

80 

+  1-0 

8 

S 

+ 

2-1 

90 

90 

+  i*t; 

11 

<) 

+ 

2-2 

100 

KM)' 

+  2-1 

Valeitrs  des  dixiemes  de  milllmetre, 
a  0°,  a  i'artir  dd  premier  trait  du  millimetre. 


Tntits. 

Intervalles. 

0 

U"0""" 

Oa-0 

1 

0-1 

+  0-3 

2 

0-2 

+  0-4 

3 

0-3 

+  0-5 

4 

0-4 

+  0-2 

5 

0-5 

+  0-0 

6 

0*() 

+  0-0 

7 

0-7 

+  0-1 

8 

0-8 

+  0-3 

9 

0-9 

+  0'2 

10 

1-0 

-  0-1 

Le  30  Avril  1900. 


Le  Diredeur  du  Bureau, 

(Signe)  REXii  Benoit. 
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CERTIFICATE  N°.  5. 


BUREAU  INTERNATIUNAI, 

I'KS 

POIDS  ET   MESURES  Le  12  Decembre  1903. 


Pavilion  de  Bretcnil,  Sevres. 

GERTIFICAT 

d'un  Etalon  geodesique  de  5  metres  appartenant  au  Service 
des  Arpentages  d'Egypte. 


Description. 

L'etalon  est  constitue  par  Feusemble  de  deux  regies,  respectivement  en  platine 
et  en  laiton,  superposees  et  portees  sur  une  serie  de  rouleaux  fixes  au  sommet  d'un 
support  en  fer  en  forme  de  J. .  La  regie  de  platine  est  percee,  a  ses  deux  extremites, 
de  deux  fenetres  rectaiigulaires  allongees,  dans  lesquelles  emergent  deux  reglettes 
de  platine  portees  par  la  regie  de  laiton.  Ces  reglettes  sont  munies  d'une  division 
en  dixiemes  de  millimetre,  plac6e  en  regard  d'une  division  semblable  tracee  sur  la 
regie  de  platine.  La  regie  de  platine  est,  en  outre,  divisee  en  centimetres  dans  toute 
sa  longueur. 

Etude. 

L'etude  de  l'etalon  bimetallique  a  consiste  en  des  etalonnages  repetes  de  la  regie 
de  platine,  comparee  metre  par  metre,  au  prototype  N"  2(3  en  jjlatine  iridie  du 
Bureau  international.  Les  comparaisons  ont  ete  faites  dans  I'air,  les  deux  etalons 
etant  places  cote  a  cote  dans  I'auge  a  double  enveloppe  dn  comparateur  geodesique 
du  iiureau,  accompagiiees,  dans  chaque  intervalle  de  un  metre,  de  trois  therino- 
metrcs  etalons.  Les  determinations  de  l'etalon  geodesique  ont  ete  faites  a  diverses 
epoques  comprises  entre  le  mois  d  Octobre  1901  et  le  mois  de  Novembre  1902  de 
maniere  a  permettre,  par  la  variation  de  la  temperature  ambiante,  d'obtcnir  la 
valeur  du  coefficient  de  dilatation  de  la  regie  de  platine.  , 

La  longueur  totale  des  regies  de  platine  et  de  laiton  entre  les  traits  o»>'<^'"'  "j^jj^t" 
pour  la  premiere  et  "aj'^he  nroite  pour  la  seconde,  a  ete  comparee  de  meme  a 
diverses  temperatures,  soigneusenient  raesurees  par  huit  thermometres  places  de 
part  et  d'autre  de  l'etalon,  au  niveau  moyen  des  regies  de  platine  et  de  laiton. 

II  a  ete  fait  en  tout  18  etalonnages  complets  de  la  regie  en  platine,  soit  72 
comparaisons  de  ses  metres  successifs  avec  le  prototype.  Les  deux  regies  consti- 
tuant  l'etalon  bimetaliicpio  ont  etc  comparees  .^fi  fois  entre  ellcs. 
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La  regie  de  platine  a  ete  comparee  ensuite  k  une  regie  semblable  appartenant 
au  Service  geographique  de  I'Armee  fran^aise,  etalormee  a  la  meme  epoque,  ainsi 
qu'a  une  regie  de  fer  appartenant  a  I'Academie  des  sciences  de  Suede  et  employee 
dans  la  mesure  des  bases  par  la  Commission  Suedo-Russe  du  Spitzberg. 

Resultats. 

Le  tableau  suivant,  dans  lequel  les  observations  sont  rangees  par  ordre  de 
temperatures  croissantes,  donne  les  differences  entre  la  longueur  totale  de  la  regie 
de  platine  et  4  fois  le  prototype,  aux  temperatures  moyennes  indiquees  dans  la 
deuxieme  colonne,  et  rapportees  k  I'eclielle  du  thermometre  a  mercure  en  vcrre 
dur : 


Observateurs 

Temp&rature 

Pt  (0—100)  -  4  (20) 

M.M.  Benoit  

3°859 

+ 

107|x,2 

Guillaume   

3°,912 

+ 

lOG  ,9 

Guillaume   

4°,442 

+ 

104  ,2 

Benoit    

4°,44G 

+ 

103  ,1 

Benoit  

5°,691 

+ 

lOG  ,9 

Guillaume   

5°,916 

+ 

107  ,8 

Benoit  

6°,840 

+ 

lOG  ,4 

Guillaume   

G°,975 

+ 

1U7  ,1 

Benoit  

8°,716 

+ 

110  ,8 

Tarrade  

8°,823 

+ 

110  ,6 

Guillaume  et  Tarrade  

10",250 

+ 

109  ,3 

Benoit  

1()°266 

+ 

108  ,0 

Benoit  

12°,858 

+ 

111  ,1 

Guillaume   

12°,915 

+ 

111  ,9 

Benoit  ...   

14°,291 

+ 

114  ,4 

Guillaume  

14°,416 

+ 

115  ,2 

Guillaumo  

15°,352 

+ 

112  ,4 

Guillaume   

1.5°,822 

+ 

110  ,7 

En  combinant  ces  resultats  par  la  methode  des  moindres  carres,  pour  le  calcul 
d'une  formule  contenant  un  seul  coefficient  relatif  a  la  temperature,  I'intervalle 
de  temperature  dans  lequel  on  a  op^re  etant  trop  peu  6tendu  pour  permettre  de 
determiner  un  terme  quadratique  on  trouve  : 

[E  -  4  (2G)]  t  =  +  109a,  1  +  OjA,  672  (t  -  9,21) 

Le  dernier  terme  de  cette  equation  exprime  le  quadruple  de  la  difference  des 
dilatabilites  vraies  de  la  regie  geodesique  et  du  prototype  k  la  temperature  de  9°,21 
moyenne  de  celles  des  mesures. 
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L'^quation  complete  du  prototype  n°  26  etant 

[2     =  1"'  +  0,  8|x  +  (8|x,  596  t  +  0[A,  00170") 
et  sa  dilatabilite  vraie  a  9",21  ;  8,627,  10  °  par  degre,  on  trouve  pour  I'equation 
complete  de  la  regie  de  platitie  en  adinettaiit  pour  les  deux  etalons  la  meme  varia- 
tion de  la  dDatabilite. 

[E<  =  4m  +  105,8a  +  4  [8fx,  774  t  +  oa,  00170"] 
Les  valeurs  individuelles  des  metres  successifs  de  la  r^gle  de  platine  ramenees 
k  0°  en  adoptant  la  formule  de  dilatation  qui  precede  sont : 


Premier  metre  k  0" 

=      +  21,lix 

Deuxieme  » 

=  1""  +  29,2 

Troisicme  » 

=  1™  +  32,4 

Quatri^me  » 

=  l"  +  23,1 

Les  comparaisons  entre  les  regies  de  platine  et  de  laiton,  groupees  par  moyennes 
de  6    des  temperatures  voisines  ont  donne 

Observateurs 

Temperature 

4  -  Pt. 

M.M.  Benoit,  Guillaume,  Maudet   

»             »  »   

y>             »  »   

»             »  »   

Benoit,  Maudet,  Tarrade   

»          »  >   

3°,972 
5  ,924 
7  ,965 
9,821 

12  ,690 

13  ,976 

+  439;;,54 
+  365  ,79 
+  288  ,05 
+  218  ,46 
+  110  ,84 
+   68  ,31 

d'ou  Ton  a  tire  d'abord 

[4  -]>]/=  _  248,42  +  37^  287  (<  -  9,06). 
Le  dernier  terme  de  cette  equation  exprime  la  difference  des  dilatabilites  vraies 
au  voisinage  de  la  temperature  moyennc  des  mesures  ;  90,06. 

En  admettant  pour  le  coefficient  du  terme  proportionnel  au  carre  de  la  tem- 
perature, la  valeur  0,006,  10  "  voisine  de  celles  qui  ont  ete  determinees  pour  divers 
6chantillons  de  laiton,  on  trouve  pour  I'equation  complete  de  la  regie  de  laiton 
4  =  4"'  -  480[A,  8  +  4  (18(x,067  t  +  0,;x006"). 
La  compensation  de  toutes  les  comparaisons  effectuees  entre  la  regie  de  platine 
et  les  deux  regies  precedemment  indiquees  conduirait  k  admettre,  pour  la  regie 
de  platine,  a  la  temperature  de  7°,5  moyenne  de  ces  comparaisons,  la  valeur 

E  7,5  =  4"'  +  369,2[x 

d'ou  Ton  deduit 

Eo  =  4"'  +  105,6ix 

Cette  verification  de  la  valeur  4m  —  105(jl,8  trouvee  directemSnt  peut  etre  con- 
sideree  comme  extremement  satisfaisante. 


Le  Directeur  de  Bureau, 

(Sign6)  litak  Benoit. 
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ETALLON  BIMETALLIQUE 

^urjartenant  an  Ser-vice  d.es  .A-rpieiitages  d.'Eg'jrpte. 


Valeur  de  la  Regie  de  Platine  en  fonction  de  la  difference  (Laiton  Platine). 


Les  nombres  rouges  indiqiient  les  temp6ratures  centigrades  correspondant  aux  longueurs  portdes  dans  l:i  table. 


REGLE  DE  PLATINE  =  1"  +  (  )  jj. 


A 
U 

n 
u 

10 

20 

30 

40 

50 

60 

70 

80 

•  'u 

1    Knn  i. 

+  2»,33 

1        187,,  (I 

+  2°,0fi 
_L     178ii  1 

+  1°,79 
168  (x,7 

+  1°,52 
159[ji,3 

+  1°,25 
149(ji,8 

+  0°,98 
140(jL,3 

+  0°,71 

+  0°,44 

1:^1(1,4: 

+  0»,18 
n  9ii  Ci 

+  0°,09 

i_      I  ft 

-|-  400 

+  5°,01 
281,8 

+  4°.74 
272  4 

263,0 

+  4°,20 
253,6 

+  3°,94 
244,2 

+  3°,67 
234, -S 

+  3°.40 
225.4 

+  3*,13 

216,0 

+  2°,87 
206  5 

+  2°,60 

1M7  ft 

-f-  oUU  [J, 

+  7°,fi8 
37.5,9 

+  7°,4I 
303, .5 

+  7M5 
351,1 

+  6°,88 
344,7 

+  6'',62 
338,3 

+  6°,34 

328.8 

+  6°,08 
319,4 

+  5°,81 
310,0 

+  n'M 
300  6 

+  =>°,27 
291  2 

-J-  200 

+  I0°,35 

+  10°,()8 
460,4 

+  9°,82 
451,1 

+  9°,55 
441,7 

+  9°,28 
432,3 

-f  y^0l 
4.99  n 

+  8°,75 
413  5 

+  8',48 

d.(\X  1 

TtU-1,1 

+  8°,22 

!101  7 

+  7°,9o 
nO'>,i> 

1    1  An  . . 

+  13°,01 

+  12°.74 

554  3 

+  12\48 
5-44  9 

+  12°,22 
535  5 

+  11VJ5 

526  2 

+  11^68 
516,8 

+  n°,u 

498,0 

+  lo^.ss 

too,  4 

+  lo^6l 

479  3 

+  0 

+  15°,67 
()57  5 

+  15°,40 
648  1 

+  15M5 
638,8 

+  14°,8S 
629  4 

+  14»,61 
620,0 

+  ir,34 
610,6 

+  14°,34 
601,2 

+  U".81 
591,8 

-f  13%54 
582  5 

+  13^27 

»>  1  O  ,1 

4-  0 

+  15°,67 

+  15°,93 

Gfit!  8 

+  16**,20 

o  /  O,  J 

+  16°,46 

(185  5 

+  16'',73 
694.V 

+  17°,00 

+  17°,26 

+  17°,i)2 

799  Q 

+  17°,79 

+  18°,l:5 
7  tl 

+  100  ti. 

+  18'',32 
7.51,0 

+  18°,58 
760,3 

+  18°,85 
769,7 

+  i9°,n 

779,0 

+  I9°.37 
788.4 

+  19°,63 
797,7 

+  19°,90 
807,1 

+  20°,  1 6 
816,4 

+  20°.43 
825,8 

+  20°,(;9 
835,1 

+  200  (X 

.+  20°.9fi 
844,4 

+  21°,22 
853,7 

+  21'',49 
863,0 

+  21°,75 
872,3 

+  22».01 
881,7 

+  22'',27 
891,0 

+  22°,51 
900,4 

+  22°,80 
909,7 

+  23°,07 
919.0 

+  23°,33 
928,3 

H-  300  ^ 

+  23°,r,9 
937,t; 

+  2:r.85 

947,0 

+  24°,  12 
956,3 

+  24°.38 
965,6 

+  24°,64 
974,9 

+  24°,90 
984,2 

+  2.5°,17 

993,5 

+  25°,43 
1002,8 

+  2,-)°.70 
1012,2 

+  2.5°,96 
1021.4 

+  400  {JL 

+  2()°,22 
1030,7 

4-  26°,48 
1040,0 

+  26°,75 
1019,4 

+  27°,01 
1058,7 

+  27°,27 
1068,0 

+  27°,53 
1077,3 

+  27°,80 
1086,7 

+  28°,06 
1096,0 

+  28°,32 
110.5,3 

+  28°,58 
1114,6 

500  [J, 

+  28°,85 
+  U23|i,9 

+  29°,11 
+  1133|ji,2 

+  29°,37 
1 1 42(i,5 

+  29°,63 
1151(1,7 

+  29°,89 
1161,(10 

+  .30°,  15 
1170(1,3 

+  30°,42 
1179(1,6 

+  30°,6S 
1188(1,9 

+  30°,94 
1198(1,2 

+  31°,20 
+  1207(1,5 
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APPENDIX  m. 


GLOSSARY  OF  WORDS  AND  TERMS  USED  IN  THIS  REPORT* 


'a,Am\    Abadia  :  Uncultivated  lands  omitted  from  Cadastre  in  1813 ; 

afterwards  given  in  grants  to  those  who  could  reclaim 
them. 

J  Bahk  :  River,  natural  l)ranch  of  the  Nile. 

is-Lilj; — ii    Dakter  kl  Messaha  :  Land-registar  prepared  by  the  surveyor, 
being  an  index  to  the  map. 

'< — j»-Ul        Dair  el  Nahia  :  The  uncultivated  road  or  space  round  a  village. 

*(J.  Jj)  JVj    Dallal  :  Village  measurer  who  marks  out  the  lands  of  the 

inhabitants. 

-'^)  tl -'^    DiRAA :  Cubit ;  the  "  Diraa  beladi "  is  equal  to  0 •  58  metre. 

'J^   DuRRA  :  Millet. 

*(.j,'i_^J,jl9)  Jils    Faiz:  An  allowance  given  to  "Multazims"  in  lieu  of  the  special 

tax  which  the  villagers  had  paid  to  them. 

olJ»  9    Feddan  :  Measure  of  area  equal  to  1  •038  acres,  or  0  •  J2  hectare, 

(see  page  41 ). 

^)  ^V*   Fellah:  (pi.  Fellahin):  peasant. 

l/j-    Gezira  :  Island -land  between  high-  and  low -water  marks. 

(is^b'^'ijf^)i'j^=  GoNTAG  (Ghondag):  Land-register  of  the  time  of  Mohammed 
*  Ali  Pasha. 

'o J-    GuRN  :  Threshing  floor. 

<  ^    Habba  :  The  twenty-fourth  part  of  a  "  qassaba  "  (see  page  41). 

iS'j>-    Hou :  A  subdivision  of  the  lands  of  a  village,  used  as  a  unit 
area  for  the  imposition  of  land-tax. 

f-    Kharagi  :  Contribuable  lands  (see  page  60). 

f     ^       Kharig  el  Ziman  :  Land  which  was  not  included  in  the  Cadastre. 

 >■    Kholi:  The  man  in  whose  name  land  is  registered  which  is 

owned  in  share  by  many  in  Nubia  (see  page  339). 


*  Tho  transliteration  is  of  the  PoUoquial  words  and  terms.  The  clussiral  expressions  are 
given  in  parenthesis. 
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'   MiSQA :  A  small  distributing  water  channel. 

'<  MizzANiA :  Index  of  properties  (see  page  351). 

Mowati:  The  lowest  of  the  riparian  lands  (gezira)  on  which 
melons,  etc.,  are  grown. 

i   »   MuDiRiA :  The  seat  of  the  governor  of  a  province. 

*i  aK^   MuKALUFA :  Land-tax  register. 

^'J^  L    MuLTAZiM :  A  concessionnaire  (sec  page  61). 

i  .^f-  ^L.   MuNAFA  Amumia:  State  Land  which  is  classified  as  of  Public 

Utility  by  Decree. 

 a-V    MuRTAFA :  The  middle  group  of  the  riparian  lands  (gezira)  on 

which  wheat,  barley  and  beans  can  be  grown  (see 
page  326). 

 F   Omda  :  The  responsible  head  of  a  village. 

— v»»    Qassaba  :  A  measure  of  length  equal  to  3  "55  metres. 

VSLi    Qibala:  A  subdivision  of  the  lands  of  a  village;  in  use  in 
Upper  Egypt;  equivalent  to  " hod." 

(1  i   QisM :  A  subdivision  or  section. 

*^U'l)         Rizqa:  Lands  exempt  from  tax  and  granted  in  full  ownership 
to  the  holders  or  to  reUgious  foundations. 

(t^.  ■   Sahm  :  The  five  hundred  and  seventy-sixth  part  of  a  feddan, 

equal  to  7 '29  square  metres. 

<_iJSLUI  Sahib  el  Taklif  :  The  registered  owner  of  land. 

5  iL  Saqia  :  A  water-wheel. 

wi'j — )i»  Sarrap  :  A  village  tax-collector. 

(jjjLl  Shaduf  :  A  bucket-sweep  for  raising  water. 

jlj  -  Sharaqi  :  Land  which  is  not  watered  by  the  flood. 

^—   Sheikh  :  A  man  of  authority  or  importance  in  a  village ;  the 
most  influential  sheikh  is  usually  made  "  omda." 

tJl'   Talip  :  Waste  land. 

 Si   Taxft  :  A  deed  (see  page  61). 

{Sjj  1b    Ushuri:  Lands  which  formerly  paid  a  tax  of  one-tenth  of 

their  produce. 

■^J'  Wadaa  el  Yad  :  The  occupier  of  a  piece  of  land. 

— -J   Wassia  :  Lands  reserved  for  the  Multazim  (see  page  61). 


*  The  classical  expression. 
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APPENDIX  IV. 


MEASURES  OF  LENGTH  AND  AREA. 


Length : 

1  iliraa  beladi    =  O'-lcS  metre  |  „p  a,  m  oq  iqqi 

,  ]•         •      ■      ,1.7-      i     •  Decree  or  April  z8,  loal. 
1  iJiraa  immari  =  (I "70  metre  )  *  ' 

1  (las.saba         =  .'?*5,5  metres.    Uecroo  of  May  25,  18(51. 

1  feclclan  =  /JSiJs^  s<iuare  qassahas.    Defined  in  1813. 

also 

1  metre  =  39  "370113  inches  (La  Convention  du  m^re,  1902,  p.  101) 
From  these  relations  the  following  tables  are  obtained  : — 
Egyptian. 

24  Habbas  =  1  Qassaba  =3*55  metres  =  3-88233  yards. 

English. 

1  inch     =  25 '  l  millimetres  (correct  to  1  part  in  1000  000). 
12  inches  ==  1  foot  =  0-30  1800  metre  =  0 '08580  qassaba. 
3  feet     =  1  yard  =  0-91  4399  metre  =  0'25758 
17G0  yards  =  1  mile  =  l-f)0  9343  kilometres. 

Metric. 

1  metre  =  1-0936142  yards  =  3-280842  feet  =  0*28169  qassaba. 
1  kilometre  =  0-6213717  mile. 


Qassabas. 

Metres. 

Yards. 

Metres. 

Qassabas. 

Yards. 

1 

3-55 

3-8823 

1 

0-28  169 

1-09  .361 

2 

7-10 

7-7646 

2 

0-56  338 

2-18  723 

3 

10- 65 

11*6469 

3 

0-84  507 

3-28  084 

4 

14-20 

15 -.5293 

4 

1-12  676 

4-37  446 

5 

17-75 

19-4116 

5 

1-40  845 

5-46  807 

6 

21-30 

23-2040 

6 

1-69  014 

6-56  168 

7 

24-85 

27-1763 

7 

1-97  183 

7-65  529 

8 

28-40 

31-0.586 

8 

2-25  352 

8-74  891 

9 

31-95 

34-9410 

9 

2-53  521 

9-84  2.53 

Kilometres. 

Miles. 

Miles. 

Kilometres. 

1 

0-62  1372 

1 

1-60  9;m 

2 

1-24  2743 

2 

3-21  868 

3 

1-86  4115 

3 

4-82  803 

4 

2-48  ,5487 

4 

0-43  737 

5 

3-10  68.59 

5 

8-04  671 

6 

3-72  8230 

6 

9-65  606 

7 

4-34  9602 

7 

11-26  540 

8 

4-97  0974 

8 

12-87  474 

9 

5-59  2346 

9 

14-48  408 
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Area: 

Arabic, 

24  sahins  =  1  girat. 
24  qirats  =  1  feddan. 

333^  square  qassabas  =  1  feddan. 

1  square  qassaba  =  12*6025  square  metres  =  135'6524  square  feet. 

1  fpddan  =  4200*83  square  metres  =  0*00420083  square  kilometre. 

=  45217*43  square  feet    =  1  'O.-^SOS  acre. 
=  0*00162214  square  mile. 

1  (jirat  =  l.'5'8889  scjuare  qassabas  =  175*035  sijuare  metres. 
1  salim=   ()*.')78704  square  qassaba   =  7*20.311  stjuare  metres. 

English. 

4840  .square  yards  =  1  acre. 
()40  acres  =  1  square  mile. 

1  sijiiare  mile  =  2*.58998  square  kilometres  =  616'.540  feddans. 

1  acre  =  4046*84  s(iuare  metres  =  0*96.33448  feddan. 

1  sciuare  foot  =  0*09290.3()  s(|nare  metro  =  0*00737179  squan-  .|assali;i. 

Mflric. 

1  S(iuare  metre  =  l(f7(!.'i'.t  square  feet  =  0*079.35  scjuare  qai-salia. 
1  square  kilometre  =  (l*.3,S6195  square  mile  =  2.38*0480  feddans. 


Feddans. 

HectaioR. 

Sij.  Qassabas. 

ft 

Acres. 

1 

0*420083 

.333*. 333 

1*0.38 

2 

0*840167 

666 •667 

2*076 

3 

1*2602.50 

1000*000 

3*114 

4 

1*680333 

1333*3.33 

4*152 

5 

2*100417 

1666*667 

5*190 

() 

2*. 520.500 

2000*000 

6*228 

7 

2*940583 

2.333*. 333 

7*266 

8 

3*360667 

2666*667 

8*304 

9 

3*780750 

3000*000 

9*. 342 

Table  for  the  Cokversion  of  Feddans  into  Hectares. 


Keddans. 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0- 

4-20 

8-40 

12-60 

16-80 

21-00 

25-20 

29-41 

33-61 

37-81 

100 

12  "01 

46-21 

.50-41 

54-61 

58-81 

63-01 

67-21 

71-41 

75-61 

79-82 

200 

84-02 

88-22 

92-42 

96-62 

100 -82 

105-02 

109-22 

113-42 

117-62 

12I-S2 

:!(io 

12(i-02 

130-23 

131-43 

138-63 

142-83 

147-03 

151-23 

1.-.5-43 

I59-(!3 

163-83 

100 

1C8-03 

172-23 

176-43 

180-64 

184-84 

189-04 

193-24 

197-44 

201-64 

205-84 

500 

210-04 

214-24 

218-44 

222-64 

226-84 

231-05 

235-25 

239-45 

243-65 

247-85 

(iOO 

2:>2-0.-. 

256-25 

200-45 

264-65 

'26S-85 

273-05 

277-25 

281-46 

285-66 

289-86 

700 

2!14-0(> 

298-26 

302-46 

306-66 

310-86 

315-00 

319-26 

.323-46 

327 -lie 

.331-87 

800 

3.36-07 

340-27 

344-47 

348-67 

3.-.2-87 

357-07 

361-27 

365-47 

369-67 

373-87 

900 

378-07 

,382 -28 

386-48 

390-68 

394-88 

399  08 

403-28 

407-48 

411-68 

415-88 

1,000 

420-08 

424-28 

428-48 

432-09 

436-89 

441-09 

445-29 

449-49 

453-69 

457-89 
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Tablks  for  the  Conversion  of  Hectares  into  Feddans. 


Hectares. 

Feddans. 

1 

2*38048 

2 

4-76096 

3 

7 '14144 

i 

0- 52192 

5 

11-90240 

6 

14-28288 

7 

16-66336 

8 

19-04384 

0 

21-42432 

Rectarts. 

0 

10 

20 

.SO 

40 

50 

60 

70 

80 

90 

0 

0 

23-80 

47-61 

71-41 

95-22 

119-02 

142-83 

166-63 

190-44 

214-24 

100 

238-05 

261-85 

285-66 

309-46 

333-27 

3.57-07 

380-88 

404-68 

428-49 

452-29 

200 

476-10 

499-90 

523-71 

547-51 

571-32 

595-12 

618-92 

642-73 

666-53 

690-34 

300 

714-U 

737-95 

761-75 

785-56 

809-36 

833-17 

856-97 

880-78 

904-58 

928-39 

400 

952 -111 

976-00 

999-80 

1023-61 

1047-41 

ion -22 

1095-02 

1118-83 

1142-63 

1166-44 

.500 

1190-24 

1214-04 

1237  85 

12.il  -65 

1285-46 

1309-26 

1333-07 

13.56-87 

1380-68 

1404-48 

600 

1428-29 

14.52  o:> 

1475-90 

1499-70 

1523-51 

1517-31 

1571-12 

1.594-92 

1618-73 

1642 -.53 

700 

1666-34 

1690-14 

1713-95 

1737-75 

1761-56 

1785 -.36 

1809-16 

1832-97 

18.56-77 

1880-58 

800 

1904-38 

1928-19 

I95I -99 

1975-80 

1999  60 

2023-41 

2047-21 

2071-02 

20;i4-82 

2118-63 

900 

2142-43 

2166-24 

2190-01 

2213-85 

2237-65 

2261-46 

2285-26 

2309-07 

2332-87 

23.56-68 

1,000 

2380-48 

2404-28 

2428-09 

2451-89 

2475-70 

2499-50 

2523-31 

2547-11 

2570-92 

2594-72 

ENGLISH  AND  FRENCH  EQUIVALENTS  OF  EGYPTIAN  MONEY. 


Egyptian  Money  to  English  and  French. 


Millieincs. 

<l. 

O 

a 

ra 
U 

s 

Millienies. 

£ 

(1. 

i 

a 
2 

itiraes. 

a 

a; 

u 

a> 
O 

10  = 

0 

() 

2i 

0 

26 

t;o.)  = 

0 

12 

15 

56 

20  = 

0 

0 

5 

0 

52 

700  = 

0 

14 

18 

15 

30  = 

0 

0 

7i 

0 

78 

800  = 

0 

16 

5 

20 

74 

40  = 

0 

0 

10 

1 

04 

900  = 

0 

18 

5i 

23 

33 

50  = 

0 

1 

0} 

I. 

30 

1,000  = 

1 

00 

6i 

25 

92 

60  = 

i) 

1 

2| 

1 

55 

2  L.E.  = 

2 

L 

0} 

51 

84 

70  = 

0 

1 

r>\ 

1 

81 

3    „  = 

3 

1 

6^ 

77 

77 

80  = 

0 

1 

n 

2 

07 

4    „  = 

4 

2 

0.^ 

103 

69 

90  = 

(1 

I 

10 

2 

3.3 

„  = 

5 

2 

(3:1 

129 

62 

100  = 

0 

•> 

0), 

2 

59 

<;  = 

(■) 

3 

1 

1.55 

54 

200  = 

0 

4 

5 

18 

7    „  = 

7 

3 

7 

181 

46 

300  = 

0 

(5 

ll 

7 

78 

«  „  = 

8 

4 

207 

39 

400  = 

0 

8 

2h 

10 

37 

9    „  = 

9 

4 

n 

233 

33 

500  = 

0 

10 

3 

12 

96 

10    „  = 

10 

5 

n 

259 

25 

1,000  milliemes  =  1  pound  Egyptian. 
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APPENDIX  V. 


Number  of  Villages  of  Which  the  Old  Land  Registers  Exist 
IN  THE  Government  Archives.* 


Yeabs. 


1227 
1228 
122ft 
12:tO 
121!  I 
1232 

i2;m 

I2.'M 

i2;tr> 
i2;i(i 

12it7 

i2;tH 
i2;}9 

1240 
1241 
1242 
1243 
1244 
1215 
1240 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
125S 
125!) 
1200 
1270 
1271 
1272 
1273 
1274 
1275 
1276 
1277 
1278 
1279 
1280 
1281 
1282 
1283 
1284 
1285 
1286 
1287 
1288 
1289 
1290 
1291 
1292 
1293 
1294 
1295 


34 


Provinces. 


I 

210 


5H 


60 

5 


111 

58 


r.6 

4i; 

53 
57 
21 
30 
28 
52 


34 
32 
41 
132 
4!) 


47 
49 


46 


35 
100 


37 


115 


46 


58 
73 
40 


333 
174 
224 


3 
101 


711 
(;3 
55 
91 
K) 
18 
2 


8!) 


162 


163 


sr. 


85 


119 
1 

96 
10 

1 


4 
3 
31) 
45 
16 
33 
25 
12 
6 
4 
7 


125 
20 

126 
62 


221 
3 
13 
9 


(i5 
111 


221 

'  2 
182 


311 
285 


18 


233 
54 
1 

2:,8 


II 
17 
213 
34 
34 
3 
4 


353 
2 


243 
10 
31 


138 
.4 


35 
I 
71 
12 


491 
460 

1 


*  I'Voin  lists  prepared  liy  Mr.  II.  0.  Skill. 


INDEX 


A 

Aarberg,  base  measured  at,  164 
Abadia,  02 

Abbassia,  azimuth  at,  269 

 ,  latitude  of,  265 

Abdallatif,  55 

Accounts  of  previous  surveys,  2 
Accuracy,  sacrificed  to  urgency,  7 

 ,  superfluous,  10 

Addendan,  azimuth  at,  269 

 ,  base  at,  153,  174,  186 

 ,  base  computations  of,  239 

 ,  latitude  of,  266 

— — ,  longitude  of,  269 
Adjustment  of  angles,  257 

 of  chains  of  triangulation,  258 

 of  third  order  triangulation,  260 

Advantages  of  modem  methods,  10 
Agriculture  early  practised,  33 
Ahmed  ibn  Tulun,  55 
Akhetaten,  boundaries  of,  50 
Alexandria,  rainfall  at,  14 
Amhir,  base  at,  174,  185 

 base,  computations  of,  249 

Angle  sheets  for  computation,  254 

 ,  specimen,  254 

Angles,  adjustment  of,  257 

 ,  correction  to,  for  adjustment  from  base  to 

base,  259 

 -,  laying  out  of,  in  Ancient  Egypt,  42 

 ,  reduction  of,  251 

Aniba,  land  records  in  tomb  at,  36 
Apparatus  for  using  Jaderin  wires,  155 

 -,  improved,  for  usmg  Jaderin  wires,  156, 

163,  191,  192 
Arcs,  six  employed,  197 
Ardagh,  General  Sir  John,  165 
Area  calculated  in  office  1881,  86 

 ,  cultivable  in  former  times,  14 

 of  cultivated  lands,  75 

 of  Delta,  13 

•  ,  scale  of,  on  maps,  363 

 surveyed  1892-1895,  115 

 ,  total  surveyed  1892-1907,  142 

Areas  before  and  after  survey  compared,  140 


Areai!,  computation  in  field,  1883,  90 

 ,  computation  of,  296-304 

 ,  computation  of,  by  ancient  methods,  114 

 ,  computation  of,  by  mensuration,  370 

 computed  with  feddan  comb,  115,  302 

 of  provinces  and  districts,  138,  139 

Aroura,  33,  37 
Assiut,  13 

 province  survey  completed,  135 

 ,  triangulation  of,  134 

Aswan  Reservoir,  effect  of,  132 

 province  survey  completed,  134 

 ,  shape  of  villages  of,  28 

 ,  triangulation  of,  204 

Astronomical  positions,  264 
Ater,  35 

Attendance  of  landowners,  306 
Authority  of  Survey,  307 
Auwers,  Professor  A.,  133,  135,  265,  268 
Awlad  Musa,  village  of,  109 
Azimuth  at  Abbassia,  269 

 at  Addendan,  27 1 

 ,  observed  intervals  of,  118 

Azimuths,  determination  of,  118 

 ,  magnetic,  used  by  hydrographical  survey  , 

106 

B 

Badreshein,  base  at,  153,  174,  175 
Bahgat  Pasha,  39,  69,  77,  110,  347 

 ,  cadastre  of,  9 

Bahr  el  Ghazal,  15 

 Sohagia,  a  river  branch,  18 

 Yusef,  a  river  branch,  18 

 el  Zaraf,  15 

Bar,  Brunner-Ibaflez,  79, 150, 151,  152,  156,  157, 
163,  164-7 

 ,  ,  comparison  with  Spanish  bar, 

 ,  ,  experiments  with,  1862,  73 

 ,  ,  of  Spain,  150 

Bar,  Invar  4-metre,  157,  158 

 ,  standard  triple-metre,  79 

Barrage,  103 

Base  between  Abbassia  and  Klianka,  69 
 at  Addendan,  174,  180 
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Base  at  Ambir,  133,  174,  185 

 at  Badresliein,  120,  153,  174,  175 

 at  Dakka,  174,  187 

 in  Fayum,  153  174,  T79 

 at  Feshn,  174,  190 

 at  Gebeloin,  133,  174,  184 

 at  Halq  ol  Gamal,  174,  192 

 at  Khattara,  174,  188 

 at  Matania,  126,  153,  174,  177 

 at  Moqattam,  174,  181 

 at  Ras  el  Khalig,  174,  192 

 at  Roda,  174,  189 

 at  Soila,  174,  179 

 near  Sphinx,  measured  with  Briinncr 

Ibanez  bar,  165 

 at  Tel  el  Kebir,  174,  191 

 at  Tema,  174,  186 

 at  Waqed,  174,  191 

 ,  24-mptre,  at  Observatory,  157,  171 

 ,  lOO-metre,  at  Helwan  Observatory,  163, 

172 

 ,  600-metre,  at  Observatory,  157,  160,  172 

 measurements,  173 

 in  hydrographical  survey,  105 

 ,  methods  of  1880,  84 

 of  Cadastre  1878-1888,  83 

Base-measuring  apparatus,  Briinner,  9 
Bases,  computation  of,  232-250 

 in  Eastern  Desert,  154 

 ,  list  of,  174 

 measured  with  fir  rods,  151,  175-178 

 measured  with  steel  tape,  179,  185,  186, 

187,  188 

 ,  numerous,  necessity  for,  173 

 of  Stat«  Lands  Survey,  109 

 ,  reduction  to  mean  level  of  base,  233 

 ,  reduction  to  sea-level,  234 

Bed,  wooden,  for  verification  of  rods,  151,  152, 
153 

Bedawin  landowners,  108 
Boheira,  marshes  of,  13 

 ,  survey  of,  1878-88,  79 

Beni  Suef  province,  maps  of,  69 

 ,  survey  completed,  136 

 ,  triangulation  of,  134,  204 

 — — ,  tombs  at,  17 

Bennett.  T.  L.,  162,  255 

Benoit,  M.,  156,  163,  166,  167 

Berg,  F.  J.,  165 

Borchardt,  Dr.  L.,  34,  42,  51 

Borda  I,  standard  bar,  165 

Boundaries,  ancient,  of  provinces,  27 

 ,  description  of,  in  Ancient  Rgypt,  48 


Boundaries,  of  hods,  64 

 of  kharig  el  zimam  lands,  67 

 of  provinces  in  Ancient  Egypt,  50 

 of  villages,  permanence  of,  27 

 ,  verification  of,  134 

 permanence  of,  323 

 ,  village,  321 

Boundary  between  Egypt  and  Sudan,  134 

 marks,  necessity  for,  372 

 stones,  27 

 at  Tel  el  Amarna,  35 

Boutros  Pasha  Ghali,  60,  75 
Breasted,  Prof.,  47 
Brdteuil,  Bureau  de,  166,  167 
Browne,  Captain  Orde,  268 
Briinner,  73,  164 

Briinncr-Ibaiiez  bar,  150, 151,  152,  156,  157, 163, 
164-7 

 ,  description  of,  166 

 ,  standardization  of,  166 

Briinner,  base- measuring  apparatus  of,  0 
Brunsviga  calculating  iiuichino,  231 
Buildings  occupied  by  triangulation,  199 
Bureau  International  dos  Poids  ct  Mesuros,  IGC 

C 

Cadastral  Survey,  1897-1907,  123 
Cadastre,  completion  of,  1907,  9,  136 

 ,  cost  of,  in  1881,  88 

 ,  excess  land  found  by,  95 

 in  Arab  times,  55 

 of  1813,  61,  68 

 of  Bahgat  Pasha,  69 

 ,  advantages  of,  70 

 ,  specimen  of,  71 

 of  Muallim  Ghali,  1,  9 

 of  1878,  decree  regulating,  78  and  App.  I. 

 of  1878-1888,  77,  150 

 ,  cost  of,  99,  102 

 ,  investigation  of,  80 

 ,  land  registers  of,  1881,  92 

 ,  maps  and  documents,  102 

 ,  procedure  modified,  90 

 ,  progress  of,  89  -92 

 ,  regulations  for,  1880,  92 

 ,  reorganization  in  1881,  86 

 ,  scale  of  maps,  91 

 ,  special  work,  95,  97 

 ,  staff  of.    See  Staff,  cadastral. 

 ,  staff  utilized  on  State  Lands  Survey, 

109 

 scheme  for,  in  1834,  69 

 suppression  of,  97 


Cadastre,  total  area  surveyed  by,  100,  101 

 ,  transferred  to  Ministry  of  Public  Works, 

97 

 ,  verification  results  of,  81 

 ,  Prussian,  compared,  376-378 

 ,  Swiss,  compared,  372-376 

 of  Wurtemberg,  compared,  378,  379 

Cairo,  13 

 ,  longitude  near,  267 

Calculating  machines,  231 

Categories  of  land  in  1892,  63 

Certificates  of  standards  of  length,  App.  IT. 

Chains,  feddan-,  212 

 ,  5-qassaba,  212 

 ,  20-motre,  introduction  of,  80,  215,  310 

 of  triangulation,  adjustment  of,  258 

 ,  verification  of,  311 

Chain  survey,  305 

 ,  acooimt  of,  329-344 

 ,  improvements  in,  370 

 ,  method  of,  311,  312 

 ,  staff  of,  344 

Change  in  length  of  Jiiderin  wires,  156,  162 
Change  of  scale  of  maps,  130 

—  ,  advantages  of,  130 

 ,  reason  for,  130 

Channels,  silted  up,  21 
Checking  of  computation,  255 
Circle  errors  of  theodolites,  251,  252 
Classes  of  land  in  Ancient  Egypt,  56 

 —  in  Ptolemaic  times,  68 

 in  1883,  93 

 in  1892,  63 

Classification  of  complaints,  327,  328 
 of  lands,  50,  07 

 of  land  inider  Mohammed  Ali  Pasha,  02 

Cliffs  of  Nile  Valley  represented  approximately, 
104 

Climate  of  Egypt,  14 

Closure  of  Upper  and  Lower  Egypt  triangula- 
tion, errors  of,  135 
Clot  liey,  75  . 

Coefficient  of  expansion  of  Brunner-Ibailez  bar, 
164,  167 

 of  invar  wire,  160 

Colvin,  Sir  A.,  78,  80 
Commission  of  Enquiry,  4,  60,  77 
Commission  of  Mixed  Tribunals,  371,  372 
Commissioners  of  Public  Debt,  grant  by,  3,  123 
Commission  of  Re-assessment,  4,  65 
Comparator,  4-motre,  description  of,  167 

 ,  24-metre,  description  of,  171 

Comparison  of  areas  before  and  after  survey,  140 


Complamts,  318,  327,  328,  329 

Comptometer,  231 

Computation,  227 

 ,  ancient  methods  of,  42 

 ,  checking  of,  255 

 ,  cost  of,  142 

 form  for  areas,  299 

 ,  for  traverse,  288 

 in  Ancient  Egypt,  errors  of,  43 

 in  Arab  times,  45 

 m  Cadastre  1878-1888,  85 

 ,  mechanical,  231 

 of  areas,  296-304 

.  in  Ancient  Egypt,  10 

 OflSee  established,  6 

 comjJetely  formed,  132 

 of  fourth  order  triangulation,  281 

 of  geographical  positions,  272 

■  of  major  co-ordinates,  279 

 of  third  order  co-ordinates,  281 

 of  traverses,  282 

 ,  traverse,  procedure  in,  285,  286,  287 

Computers,  ability  of,  228 

 ,  number  of,  144 

 ,  rates  of  pay  of,  144 

Computing  tables  used,  229-231 
Conditions  affecting  surveyor,  25,  2(i 

 ,  geographical,  of  Nile  Valley,  1 1 ,  2."> 

 of  work  imposed,  124 

 ,  peculiar  to  Egypt,  3 

Connection  with  Sudan  triangulation,  204 
Conservative  character  of  Egyptians,  23 
Control,  mathematical,  6 

 ,  importance  of,  8. 

 of  all  work,  132 

Co-ordinates,  major,  computation  of,  279 

 ,  third  order,  computation  of,  281 

Co-ordinatograph,  215,  289-204 
Coptic  and  Moslem  landowners,  28 

 fractions  of  feddan  suppressed,  4() 

Coradi,  co-ordinatograph  of,  289-294 
Cord,  measuring,  of  Ancient  Egypt,  35 
Correction  to  Addendan  longitude,  269 

 to  angles  for  adjustment  from  base  to  base, 

259 

 of  maps,  367 

 of  shrinkage  of  map-sheets,  290 

Cost  of  Cadastral  Survey,  141ff 

 of  Cadastre  in  1878-80,  81,  102 

 of  computation,  142 

 of  Survey,  1892-1895,  115,  116 

 of  surveying  100  feddans,  143,  140-9 

 of  triangidation,  142 
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Cost  of  work  in  chain-survey,  343 
Craig,  J.  T.,  227ff 

Crocodilopolis  Arsinoe  =  Medinet  el  Fayum,  53 
Crops,  hiudi'ance  to  survey,  20 
Cubit,  33 

 of  land,  35 

 ,  subdivisions  of,  33 

Curry,  P.  A.,  157 
Customs,  permanence  of,  23 

D 

Daftar  el  Messaha,  347,  348 
Dakka,  base  at,  153,  174,  187 

 •  ,  computations  of,  240 

Damietta,  feddan  of,  40 
Daqahlia  province,  survey  of,  133 

 ,  triangulation  of,  201 

Darwin,  Sir  George,  166 

Date  of  publication  of  cadastral  maps,  137 

 of  rise  of  Nile,  15 

 of  survey  of  districts,  146-9 

Decree  defining  weights  and  measures,  150, 
App.  I. 

Delay,  due  to  inundation,  5,  134,  338 
Delta,  area  of,  13 

 ,  hydrographioal  survey  of,  104 

 ,  natural  reclamation  of,  20 

 ,  poorer  land  of,  20 

 ,  sinking  of  northern  margin,  14 

Description  of  cadastral  maps,  362 
Diagonal  scales,  363 
Difficulties  of  present  day,  26 
Difference,  permissible  in  areas,  114,  304 

 ,  permissible  in  traverse,  1 18,  219,  220,  283 

Diraa,  150 

Direction  of  Nile,  effect  on  inhabitants,  24 
Dishna,  24 

Districts,  areas  of,  138,  139 

 ,  dates  of  survey  of,  146-9 

Division  into  provinces,  27 
Downstream  =  north,  24 

E 

Earth,  figure  of,  263 

Economy  of  projected  map-sheets,  274 

Education  of  surveyoi-s,  5 

Egypt,  general  map  of,  135 

 ,  invention  of  geometry  in,  32 

 ,  isolated  position  of,  22,  32 

 ,  regularity  of  river  regimen,  22 

.  ,  survey  experiments  in,  7 

Egyptians,  conservatism  of,  23 
El  Arin  district,  108 


El  Menaga,  village  of,  108,  1 1 1 
Encroachments,  313 

 on  Government  land,  108 

Eratosthenes,  54 

Errors  in  ancient  computations  of  area,  43 

 in  length  of  traverse,  221,  222 

 of  angular  measurement,  251 

 ,  elimination  of,  251 

 of  closure  of  triangles,  207,  208 

 triangulation.    Upper   and  Lower 

Egypt,  135,  203 
 of  measurement,  45 

 ,  permissible,  of  traverse,  118,  219,  220,  283 

 ,  ,  of  triangulation,  196 

 of  survey,  Giza  province,  127 

Evidence  of  ownership,  353 
Exchanges  of  land,  354 

F 

Factors,  political,  3 
Faqus  district,  108 
Fau  Bahari,  24 
 Qibh,  24 

Fayum,  base  in,  153,  179,  235 

 ,  Greek  towns  in,  14 

 ,  re-survey  in,  104 

 ,  survey  of  1840,  69 

 ,  triangulation  of,  195 

 ,  triangulation  error  of  position,  202 

Feddan  containing  400  square  qassabas,  38 

 ,  first  mention  of,  38 

 fixed  at  333  i  square  qassabas,  08 

 ,  large,  of  Belqas,  41 

 of  Menufia,  41 

 of  Qaliubia,  41 

 ,  small,  in  Menufia  and  Qaliubia,  41 

 ,  subdivisions  of,  38,  41 

 ,  various  sizes  of,  40,  41,  68 

Feddan-comb,  for  computing  areas,  115,  302 
Feshn,  base  at,  174,  190 

 base,  computations  of,  250 

Field  boundaries  in  basin-lands,  23 

 in  land  perennially  irrigated,  23 

Figure  of  earth,  263 

Fir-rods,  5-metre,  measurement  with,  175 
Fitzgerald,  Sir  G.,  46 

Flood,  annual,  delay  caused  by,  5,  134,  338 

 of  Nile,  annual,  14,  15 

 plain,  formation  of,  16 

Forms  printed  for  land-registers  introduced,  120 
Four-sided  figure,  computation  of,  42 
Fourth  order  triangulation,  computation  of,  281 
Fractions,  Coptic,  signs  employed  for,  45 
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Frascr,  0.  W.,  34 

Fuller,  Sir  Bamfylde,  1 10,  193,  210 
G 

Gauss'  conformal  projection,  275,  276 
Gebelein,  base  at,  174,  184 

■  base,  compulation  of,  248 

General  Assembly  request  revision  of  Sharqia, 
135,  201 

 map  of  Egypt  commenced,  135 

Geodetic  triangulation  in  Kgypt,  157,  369 

Geographical  positions,  computation  of,  271 

Geological  Survey,  150 

— • —  — — ,  requirements  of,  150 

Gezira  lands,  20,325,  320 

Gezira.    See  Island-land. 

Qharaq  el  Sultani,  57 

Gharbia  province,  maps  of,  69 

 ,  revision  of  work  in,  128 

 ,  survey  of,  1878-88,  79 

Gibson,  J.,  89,  90 

Gill,  Sir  David,  73,  156,  165,  268 

Girga  province  survey  completed,  135 

 ,  shape  of  villages  in,  29 

 ,  triangulation  of,  133,  203 

Girgis  Bey  Henein,  41 
Giza  province,  errors  in,  127 

 ,  triangulation  of,  104 

Glazebrook,  Dr.,  168 
Goniometers  used  for  traverse,  117 

 ,  precision  of,  117 

Gontags,  68 

Government  land  recovered  by  survey,  110 
Grant,  annual  for  survey,  increased,  5 

 for  reduction  of  land-tax,  3,  123 

Great  Pyramid,  triangulation  point,  135 
Grenfell,  Prof.  B  .  37,  52,  57 
Guillaume,  M.,  150,  103 

H 

Halq  el  Gamal,  base  at,  174,  192 

Barker,  J.  A.,  171 

Heliographs,  200 
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 ,  reprinting  of,  366 

 ,  reproduction  of,  359ff 

.  ,  scale  of,  changed,  130,  361 

 ,  scale  of,  1883,  91 

 ,  skeleton,  use  of,  in  computation,  255 

.  ,  topographical,  reduced  from  cadastral,  93 

 ,  urgent  need  of,  7 

 with  continuous  sheet-lines,  133,  273,  274 
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 province,  not  triangulated,  132 
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 ,  triangulation  of,  134 
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 in  traverse  computation,  285,  286,  287 
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-    takes  over  work  of  Settlement 

Branch,  128 
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Survey,  necessary  to  re-assess  tax,  123 
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 base,  computations  of,  260 
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 ,  computations  of,  238 

Tension,  correction  for,  234 
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Thermometers  for  comparator,  171 
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 ,  statistics  of,  209 
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 of  surveying  100  feddans,  146-9,  343,  357 

Time-limits  imposed  on  Survey,  124 
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Title-deeds,  355 

Title,  registration  of,  371 

Towers,  observing,  not  employed,  199 
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Traverse,  accuracy  of,  220 

 ,  adjustment  of,  in  1896,  119 

 ,  azimuths  in,  118 

 computation,  282 

 ,  of,  in  1896,  118 

 form  used,  288 

 ,  lessons  of,  284 

— —  controlled  by  triangulation,  215 

 ,  error  in  lines  of,  221,  222,  223 

 ,  method  of,  211,  216 

 ,  introduction  of,  114,  117,  211 

 ,  obstacles  to,  224 
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 points,  number  of,  213,  214,  225,  226 
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Triangles,  computation  of,  42 
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 ,  cost  of,  142 
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 ,  fourth  order,  computation  of,  281 

 ,  geodetic,  369 
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 ,  hydrographio,  105,  106,  194 

 ,  ,  defects  of,  195 

 ,  importance  of,  8 

 in  1880,  83 

 ,  instructions  for,  196 

 ,  major,  in  1880,  82 

 ,  marks  of,  198 

  methods,  85 
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